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ABSTRACT 
The purpose of this study was to clarify the nature of new health problems being 
reported by Queensland residents with a prior history of poliomyelitis. The study was 
designed to gain information that would guide the development of health services for 
post-polio individuals in Queensland. 
A self-administered questionnaire was mailed to 297 people who made contact 
with the trial Post Polio Clinic at Queen Elizabeth II Jubilee Hospital. Brisbane during 
1999. The response rate was 52 percent. Twenty-nine people were excluded who 
contracted polio outside Australia, had pre-existing medical conditions or were not 
Queensland residents. The final study group contained 126 subjects. 
The average age of subjects was 61 years, and 64 percent of subjects were 
between the ages of 50 and 70 years. Fifty-five percent of the subjects were women. The 
years of acute poliomyelitis infection ranged from 1917 to 1961. The lower limbs and 
back were the areas most frequently affected during the acute illness. 
The most frequent new symptoms reported were muscle weakness (87 percent), 
unusual tiredness (79 percent), joint pain (79 percent), muscle pain (61 percent) and 
muscle cramps (71 percent). Other health problems reported were increased tendency to 
fall (60 percent), increased sensitivity to cold (57 percent), muscle twitching (50 
percent), sleep changes (49 percent) muscle atrophy (48 percent); a new problem with 
breathing (39 percent), voice changes (31 percent), increased headaches (30 percent) and 
swallowing difficulties (27 percent). 
The average time from acute poliomyelitis infection to the onset of new 
symptoms was 39 years. There were no statistically significant associations between the 
presence of new symptoms and current age, gender or number of years since acute 
poliomyelitis infection. Factors found to be most strongly associated with the severity of 
new health problems were the severity of acute poliomyelitis illness and current age. 
Subjects frequently reported decreased independence with heavy household 
tasks, stair climbing, using public transport, bathing and walking. Subjects also 
indicated an increasing requirement for assistive devices. A large proportion of the 
Queensland cohort reported that post-polio symptoms were making an impact on their 
IV 
employment and lifestyle. Eight-three percent of subjects had made Hfestyle changes as 
a result of post-polio symptoms and 67 percent of those subjects in the workforce 
reported making changes to their employment, such as reduced hours of work. 
This study has demonstrated that a clinic-based cohort of the poliomyelitis 
survivor population in Queensland experiences significant levels of impairment and 
disability. The experience of post-polio symptoms and their impact is similar in the 
Queensland cohort to the experience of other poliomyelitis survivor populations 
throughout the world. 
It is estimated that there may currently be about 2600 people in Queensland who 
meet the diagnostic criteria for Post Polio Syndrome and many more who are 
experiencing the Late Effects of Poliomyelifis. A significant unmet clinical need has 
been identified for this client group. Recommendations are made regarding the future 
delivery of health services that would better meet the needs of Queensland poliomyelitis 
survivors. 
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CHAPTER 1 
INTRODUCTION 
Until the late I970's, poliomyelitis was generally regarded as a nonprogressive 
neurological disorder once the acute phase was over and optimum restoration of muscle 
function had been achieved. However, it is becoming increasingly clear that many 
survi\ors of poliomyelitis develop new symptoms after decades of stable functioning. 
The most common symptoms are new weakness, fatigue and pain. Other problems that 
have been reported include increasing muscular atrophy, muscle fasciculation, difficulty 
breathing, dysarthria, dysphagia, cold intolerance and sleep disturbances. The symptoms 
lead to increased problems with activities of daily living and coping with everyday 
demands. 
In the last 20 years, the development of clinical services for people with the late 
effects of paralytic poliomyelitis has been rapidly accelerating, mainly in North 
America and Europe. In Queensland there are no specialist services for poliomyelitis 
survivors and few health professionals in Queensland receive any education about the 
Late Effects of Poliomyelitis. 
It is unknown how many current Queensland residents have previously suffered 
poliomyelitis. Little is known about the frequency or exact nature of the difficulties 
experienced by poliomyelitis survivors in Queensland. There has only been one 
published Australian survey describing the occurrence of the Late Effects of 
Poliomyelifis and the impact of new symptoms on people's lives (Westbrook. 1991). 
Only seven percent of Westbrook's cohort of poliomyelitis survivors were Queensland 
residents. 
The Queensland Post Polio Support Network has made numerous 
representations to the Queensland Department of Health expressing the concerns of 
members regarding the lack of specialist advice on health and related issues. In 1998. 
the Queensland Health Rehabilitation Services Advisory Panel recommended that a trial 
Post Polio Clinic be established in Queensland. The trial Post Polio Clinic was based in 
the Day Therapy Unit, Queen Elizabeth II Jubilee Hospital. The clinic was operated for 
a 6-month period and was closed in June 1999. The trial clinic afforded a unique 
opportunity to examine in detail the experience of the Late Effects of Poliomyelitis, by a 
cohort of the Queensland population of poliomyelitis survivors. 
The development of future services for poliomyelitis survivors in Queensland 
depends on knowledge of the demographics of the Queensland post-polio population 
and the type, frequency, severity and impact of post-polio symptoms. The current study 
was conducted, in conjunction with the trial Post Polio Clinic, to clarify the nature and 
extent of new health problems being reported by Queensland residents with a history of 
poliomyelitis. The purpose of the study was to gain information that would guide the 
development of health services for post-polio individuals in Queensland. The following 
objectives were set for the study: 
1. To obtain demographic details of a cohort of the post-polio population in 
Queensland, who registered with the trial Post Polio Clinic at Queen Elizabeth II 
Jubilee Hospital during 1999. 
2. To define the types of problems that this clinic-based cohort of poliomyelitis 
survivors are experiencing. 
3. To examine the frequency and severity of post-polio symptoms experienced by this 
cohort. 
4. To examine the impact of post-polio symptoms on acfivities of daily living, lifestyle 
and employment in this group. 
5. To examine factors associated with the development of post polio symptoms in this 
cohort, to determine the risk indicators for late onset polio symptoms. 
As background to the study, a comprehensive review of the Late Effects of 
Poliomyelitis will be provided. An understanding of the Late Effects of Poliomyelitis 
begins with knowledge of the acute poliomyelitis disease process. This review will 
therefore begin with an overview of acute poliomyelitis and will include the history of 
acute poliomyelitis in Queensland. 
Researchers working with post-polio populations over the past two decades have 
increasingly used the term Post Polio Syndrome (PPS) to describe the new health 
problems being experienced by people with a past history of poliomyelitis. However, 
there is considerable ongoing debate regarding nomenclature. The controversy over 
nomenclature and diagnostic criteria for the new health problems associated with former 
poliomyelitis will be analysed in detail. 
An increasing number of studies have been reported over the past two decades 
that have investigated epidemiological aspects of the Late Effects of Poliomyelitis. A 
comprehensive review will be presented of studies that have examined the type and 
frequency of new symptoms, the prevalence of PPS, progression of late onset symptoms 
and risk factors for the development of post-polio symptoms. 
The cause of new symptoms in survivors of poliomyelitis remains uncertain, 
although a consensus is beginning to emerge that new weakness and muscular fatigue in 
PPS result from degenerative changes within motor units. Current understanding of the 
aetiology of PPS will be examined, as it underlies current practice in evaluation, 
differential diagnosis and management of Late Effects of Poliomyelitis. The role of 
specialist Post Polio Clinics, emerging as the preferred model of care for this condition, 
will be examined. This will lead into a review of specialist services, for poliomyelitis 
survivors, currently being provided in Australia. This will highlight the need for more 
detailed investigation of the Late Effects of Poliomyelitis in Queensland, as a basis for 
the development of services for Queensland poliomyelitis survivors. 
CHAPTER 2 
THE LATE EFFECTS OF POLIOMYELITIS 
Poliomyelitis is an acute generalised disease caused by a virus. The term 
poliomyelitis is derived from the Greek words ''polios", meaning grey, and "myelos" 
meaning marrow, referring to the fact that the disease results from the destruction of 
neurons located in the grey matter of the anterior horn of the spinal cord. However, 
poliovirus is primarily an enteric pathogen that usually causes a silent or abortive 
infection and, only in rare cases, causes central nervous system (CNS) lesions and 
paralytic poliomyelitis (Blondel, Duncan, Couderc, Delpeyroux, Pavio and Colbere-
Garapin, 1998). Paralytic poliomyelitis was thought to be a self-limiting disease once 
the acute phase was over and optimum restoration of muscle function had been 
achieved. However, it is becoming increasingly clear that many survivors of 
poliomyelifis will develop new symptoms after decades of stable functioning. An 
understanding of these late effects of poliomyelitis must be based on knowledge of the 
disease process of acute poliomyelitis. This review will begin with an overview of acute 
poliomyelitis and will cover epidemiology, pathogenesis, clinical features, management 
and prevention. The history of acute poliomyelitis in Queensland will also be 
considered. 
2.1 ACUTE POLIOMYELITIS INFECTION 
Robbins and Daniel, (1997) reviewed the early history of poliomyelitis and cite 
a depiction of a young man with a withered leg in a 3000 year old Egyptian mural. 
However, it was only in the nineteenth century that descriptions of poliomyelitis 
epidemics began to appear. Then, with the dramatic epidemics of the earlier part of the 
twenfieth century, there was a large increase in cases. In 1908, Landsteiner and Popper 
made the landmark discovery that poliomyelitis was caused by poliovirus (Blondel et al, 
1998). However, it was not until 1949 that Enders, Weller and Robbins developed the 
capability to grow poliovirus in tissue culture. Within five years the first poliovirus 
vaccine was ready for testing in humans (Robbins and Daniel, 1997). Following the 
introduction of the Salk vaccine in 1955 and the Sabin vaccine in 1961, the incidence of 
new cases dropped dramatically in developed countries. Poliomyelitis is still present in 
less-developed parts of the world and still occurs in developed countries as a rare 
complication of the oral poliovirus vaccine. 
2.1.1 ACUTE POLIOMYELITIS EPIDEMIOLOGY 
The poliovirus is extremely infectious but usually benign. Ninety to 95 percent 
of cases are asymptomatic. In four to eight percent of cases there is a non-specific viral 
syndrome. Only one to two percent of cases result in paralysis (Pascuzzi, 1992). The 
rate of paralysis \aries with the strain of the virus and the person's age. In children, 
paralysis occurs in 1/1000 cases, while 1/75 adults develop paralysis (Gawne and 
Halstead. 1995). 
Prior to vaccination, the poliovirus had a world-wide distribution. Infection was 
endemic in regions with poor sanitation. Infants were exposed to the virus early and 
developed immunity. In infancy the illness tends to be benign and only rarely produces 
paralysis. As a result of improved sanitation, endemic infection decreased in the 20th 
century in developed countries. This meant that large numbers of unexposed children 
and young adults became vulnerable to sporadic and epidemic infection and 
subsequently the paralysis rate increased (Pascuzzi. 1992). The disease is also seasonal, 
with peaks in the hot and humid months (Hull, Ward, Hull. Milstien, de Quadros, 1994). 
2.1.2 POLIOMYELITIS PATHOGENESIS 
Poliovirus can be classified into three serotypes: poliovirus numbers 1. 2 and 3; 
none of which provide cross-immunity to the others (Blondel et al, 1998). Polio\irus 
infection is initiated by ingestion of virus followed by its primary multiplication in the 
lymphoid tissues of the oropharynx and intestine. The incubation period is usually 
between seven and 14 days (Kidd, Williams and Howard, 1996). Usually, the virus is 
present in the oropharyngeal secretions for one to two weeks and is excreted in the stool 
for several weeks or months. From the lymphoid tissues of the oropharynx and intestine, 
the virus may move into the regional lymph nodes and from there into the blood, 
causing a transient viremia. Viremia is associated with a minor illness. Persistent 
viremia is required for viral spread to the CNS (Blondel et al, 1998). 
Poliovirus has a predilection for the motor neurons of the anterior horn of the 
cervical and lumbar regions of the spinal cord. Motor neuron invasion can result in cell 
death or injury. Death of a motor neuron will result in denervation of the muscle fibres 
it supplies, which may produce clinical weakness (Trojan and Cashman, 1997). The 
localisation and degree of paralysis depend on the site and the severity of neuronal 
lesions (Kidd et aL 1996). 
Less commonly, lesions can be observed in the intermediate and posterior grey 
columns and in the dorsal root ganglia. In the brainstem, the reticular formation and 
most of the nuclei of cranial nerves, can be involved. In the cerebral cortex, neuronal 
lesions are usually mild and restricted to the precentral gyrus, the thalamus and the 
globus pallidus (Blondel et al, 1998). 
The characteristic nerve cell lesions are the result of lytic viral replication. Early 
changes are of neuronal chromatolysis and a perivascular inflammatory cell infiltrate. 
Disintegration of the nucleus occurs, followed by necrosis of the whole cell. 
2.1.3 CLINICAL FEATURES OF ACUTE POLIOMYELITIS 
The vast majority of infected individuals remain asymptomatic or experience a 
self-limited illness characterised by fever, myalgia and gastrointestinal symptoms, 
usually lasting one to three days (Pascuzzi, 1992). 
Some individuals proceed to develop more severe symptoms. These individuals 
usually develop a fever, headache, stiff neck and back pain similar to viral meningitis. 
In about 50 percent of cases these symptoms resolve spontaneously, usually within one 
or two weeks. In the remaining cases, paralysis develops and is often associated with 
intense myalgia, muscle spasms and paraesthesia (Gawne and Halstead, 1995; Pascuzzi, 
1992). Clinically, paralytic poliomyelitis may be divided into two types: spinal and 
bulbar. These two forms may coexist. Spinal poliomyelitis is the most frequent and is 
characterised by flaccid paralysis of muscles innervated by the motor neurons of the 
spinal cord. The paralysis is assymetrical and the lower limbs are more commonly 
affected than the upper limbs and trunk (Mulder, 1995). Weakness usually becomes 
maximal within 48 hours, particularly in children. 
Bulbar poliomyelifis involves damage of neurons in the reticular formation and 
the nuclei of cranial nerves in the brainstem. This may lead to dysphagia, dysphonia and 
respiratory failure (Kidd et al, 1996). Autonomic dysfunction may also occur producing 
cardiac arrhythmia, blood pressure instability and impaired bladder and bowel function 
(Pascuzzi, 1992). A purely bulbar form, without limb weakness, may occur, particularly 
in children. Adults tend to have spinal as well as bulbar involvement, that is, 
bulbospinal poliomyelifis (Kidd et al, 1996). There is usually no objecfive sensory loss 
(Kidd et al, 1996). Mental function is relatively unaffected, but anxiety, confusion and 
stupor may occur (Pascuzzi, 1992). 
In a series of 201 patients seen over a 25 year period from 1935 (Codd, Mulder, 
Kurland, Beard and O'Fallon, 1985) spinal paralysis occurred in 60 percent; 20 percent 
had bulbar paralysis, 22 percent required ventilation and the mortality rate was 11.4 
percent. 
Acute mortality is usually the result of respiratory or bulbar involvement 
(Pascuzzi. 1992). In those who survive the acute illness, paralysis remains static for 
several days or weeks before a slow recovery occurs over several months or years (Kidd 
et al. 1996). A national health survey estimated that 640 000 people living in the United 
States of America in 1987 had been diagnosed with paralytic poliomyelitis during the 
epidemics of the 1940s and 1950s. About half of these recovered completely and the 
other half had residual weakness (Gawne and Halstead, 1995). 
2.1.4 MANAGEMENT OF ACUTE PARALYTIC POLIOMYELITIS 
Early theories about the management of paralysed muscles emphasised the need 
to rest affected muscles and splint them to prevent contracture. In 1940, Sister Elizabeth 
Kenny, an Australian nurse, arrived in North America and challenged that approach to 
treatment. Having dealt with polio in rural Australia, Sister Kenny had improvised a 
form of therapy that aimed at relief of pain and spasm. She emphasised the use of hot, 
moist packs to relieve muscle spasm and early activity and exercise to maximise the 
strength of unaffected muscle fibres. She settled in Minnesota and established an 
institute, from which she began her world-wide crusade to advocate her system of 
treatment. Slowly, Sister Kenny's ideas won acceptance and by the mid-twentieth 
century had become the hallmarks of the treatment of paralytic polio (Robbins and 
Daniel, 1997). 
Treatment of poliomyelitis made a significant advance with the development of 
the mechanical tank respirator (or iron lung) and its initial use in the 1930s. Other 
respiratory aids, such as the "rocking bed" were used in cases with less critical 
breathing difficulties. 
Patients with residual paralysis were treated with braces and taught to 
compensate for lost function with the help of callipers, crutches and wheelchairs. 
Orthopaedic surgical procedures such as joint fixations, tendon transfers and limb 
lengthening and shortening, were used extensively (Mulder, 1995). 
2.1.5 PREVENTION OF POLIOMYELITIS 
There are two types of polio vaccine currenfiy available. In 1955, Jonas Salk 
developed the inactivated poliovirus vaccine (IPV) which is administered by injection. 
The oral poliovirus vaccine (OPV) was developed by Albert Sabin and was approved 
for use in 1962 (Blondel et al, 1998). The Sabin vaccine is composed of attenuated live 
strains of poliovirus and induces a strong and long-lasting immune response, including 
local intestinal immunity (Sabin, 1985). The World Health Organisafion recommends 
the use of OPV, as it is less expensive and easier to administer to large populations of 
infants and children. 
The incidence of paralytic poliomyelitis has reduced dramatically since the 
introduction of vaccination. In a very small number of cases, vaccination is associated 
with paralytic poliomyelitis (VAPP), which affects either individuals recently 
vaccinated with OPV, or non-vaccinated individuals in direct contact with healthy 
vaccinees (Strebel, Sutter, Pallansch and Cochi, 1995). It is currently estimated that 
there is one case of VAPP per 2.5 million doses of OPV administered (Blondel et al. 
1998). 
In 1988 the World Health Organisation (WHO) undertook to eradicate wild 
poliovirus from the world, by the year 2000, by means of mass immunisation programs, 
careful surveillance and targeting areas in which wild virus persists (Hull et al 1994). 
The strategies employed appear to be taking effect, although outbreaks continue to 
occur. As of 1 May 1999, 6277 poliomyelitis cases with onset during 1998 were 
reported world-wide. Poliovirus transmission is now largely confined to southern Asia 
and parts of Africa. Three WHO regions have eliminated poliovirus or are close to 
doing so. Poliovirus transmission in the European Region is confined to south-eastern 
Turkey, the Western Pacific Region has not detected wild poliovirus since March 1997 
and the Region of the Americas has been polio-free since 1991 (World Health 
Organisafion, 1999). 
2.1.6 POLIOMYELITIS ERADICATION IN AUSTRALIA 
Poliomyelifis has now almost certainly been eradicated from Australia. The most 
recent case of poliomyelitis caused by wild poliovirus in Australia was in 1978 
(D'Souza, Watson and Kennett, 1999). In 1999 data from the Australian Childhood 
Immunisafion Register showed that 81 percent of one year old children in Australia had 
received the recommended three doses of OPV in their first year of life (Lister, 
Mclntyre, Burgess and O'Brien, 1999). 
The Communicable Diseases Network, Australia and New Zealand has 
established a plan that would facilitate rapid response if there were an importation of a 
poliomyelitis case into the country. There is now only one final target that Australia has 
to reach before it can achieve certification of eradication of poliomyelitis, as 
recommended by WHO: adequate levels of acute flaccid paralysis (AFP) surveillance. 
Effecfive surveillance of AFP in children under 15 years of age is considered one of the 
key elements to the success of the poliomyelitis eradication initiative and considerable 
progress is now also being made in the area of AFP surveillance in Australia (D'Souza 
etal, 1999). 
2.1.7 POLIOMYELITIS IN QUEENSLAND 
Poliomyelitis was made a notifiable disease in all States and Territories of 
Australia in 1922. The annual rate of notifications in Queensland since 1917 is shown 
in Figure 2.1. The last case of poliomyelitis in Queensland was notified in 1975 (Annual 
Reports of Health and Medical Services). The largest epidemic of poliomyelifis in 
Queensland's history was in 1951-1952. In 1956, immunisafion with Salk vaccine 
commenced. For four years, very few cases occurred. Then in 1961-62, another 
epidemic occurred. There were several paralytic cases in vaccinated persons. It was 
found that the organism causing infection was a Type 3 poliovirus and that the potency 
of the Type 3 component in the vaccine being used was inadequate. After this 
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deficiency was remedied poliomyelitis virtually disappeared from Queensland. In 1967, 
the oral Sabin vaccine was substituted for the injected Salk vaccine and was equally 
successful (Patrick, 1983). 
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Figure 2.1: Annual rate of notifications of acute poliomyelitis in Queensland. 
Collated from the Annual Reports of Health and Medical Services, 
Queensland. 1917-1975. 
2.2 THE LATE EFFECTS OF POLIOMYELITIS: HISTORY AND 
NOMENCLATURE 
Throughout its history, poliomyelitis has been considered to have three distinct 
stages: acute illness, period of recovery and stable disability. In the early 1980s it 
became increasingly clear to clinicians and researchers that poliomyelitis has a fourth 
stage (for many individuals) characterised by the onset of new symptoms related to the 
original poliomyelitis attack (Halstead, 1998a). It is relevant to provide a brief historical 
background to the Late Effects of Poliomyelitis before examining the controversy that 
continues to exist over the most appropriate diagnostic labels to use for the fourth stage 
of poliomyelitis. 
2.2.1 HISTORICAL BACKGROUND 
It has been recognised for more than 100 years, that new muscle weakness can 
occur in survivors of poliomyelitis many years after their initial illness. The first 
descriptions were published in the French medical literature in 1875. Since then isolated 
case reports have appeared in the literature describing new weakness years after an 
episode of acute paralytic poliomyelitis (Dalakas, 1995a). However, it was not until the 
early 1980's that the Late Effects of Poliomyelitis became widely recognised. 
By 1984, a growing awareness of the Late Effects of Poliomyelitis prompted 
researchers to organise an international conference at the Warm Springs Institute for 
Rehabilitation in the United States of America. The term 'Tost Polio Syndrome** was 
coined around this time. A second international meeting was held at the Warm Springs 
Institute in 1986 and in the following years there was a dramatic increase in basic and 
clinical research into the long-term effects of poliomyelitis (Halstead, 1998a). 
In 1994 the New York Academy of Sciences and the National Institutes of 
Health cosponsored another international meeting that culminated in the publication of a 
special issue of the Annals of the New York Academy of Sciences: "The Post Polio 
Syndrome: Advances in Pathogenesis and Treatment". That conference signalled the 
acceptance of Post Polio Syndrome as a legitimate clinical entity (Halstead, 1998b). 
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2.2.2 CLARIFICATION OF NOMENCLATURE 
There is disagreement in the literature about the most appropriate diagnostic 
labels to describe the new health problems being experienced by people with a past 
history of poliomyelitis. The reasons for a lack of consensus are that the various 
descriptive terms have lacked specific diagnostic criteria, there is currently no 
pathognomonic test for the condition and our understanding of the underlying 
pathophysiology of the condition is incomplete. This section will examine the terms that 
have been most frequently proposed including "Post Polio Syndrome'*, "Post-Polio 
Muscular Atrophy** and "The Late Effects of Poliomyelitis'*. 
Post Polio Syndrome 
Mulder. Rosembaum and Layton (1972) first proposed criteria for the late 
progression of weakness in poliomyelitis survivors. These included: 
1. A credible history of poliomyelitis. 
2. Partial recovery of function. 
3. A minimum often years of stabilisation. 
4. The subsequent development of progressive muscle weakness. 
In the early 1980s the term Post Polio Syndrome (PPS) was first coined when, 
by sheer weight of numbers, persons experiencing the Late Effects of Poliomyelitis 
finally started attracting the attention of the medical community (Halstead, 1998b). 
There have been many definitions of Post Polio Syndrome since this time and 
there is still no widely agreed definition. Lauro Halstead, one of the leading researchers 
in this field, first proposed a definition for PPS approximately 15 years ago. Halstead 
has continued to refine his definition of PPS over the years and in a recent publication 
(Halstead 1998a) proposed the following definition: 
"Post Polio Syndrome is a neurologic disorder that produces a cluster of 
symptoms in individuals who had paralytic poliomyelitis many years earlier. 
Because these symptoms tend to occur together, they are called a syndrome. 
Typically, these problems occur after a period of functional and neurological 
stability of at least 15 years following the initial episode of poliomyelitis and 
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include new weakness, fatigue, decreased endurance and loss of function. Some 
researchers also add pain as part of the syndrome, especially in muscles and 
joints. Less commonly, the symptoms include muscle atrophy, breathing and 
swallowing difficulfies and cold intolerance." 
Halstead (1998c) proposed specific criteria for the diagnosis of PPS. These 
criteria are listed in Table 2.1. The first criterion is a documented history of 
poliomyelitis. Halstead (1991) states that a diagnosis of paralytic poliomyelitis usually 
can be confirmed by: 
1. Examining, whenever possible, the original medical records; 
2. Eliciting a credible history of an acute, febrile illness producing motor but no 
sensory loss; 
3. Noting whether other members of the patient's family or neighbours had a similar 
illness; and 
4. Observing focal, asymmetric, weakness, and/or atrophy on examination. 
Table 2.1: Criteria for the Diagnosis of Post Polio Syndrome. 
From Halstead (1998c) 
Criteria for the Diagnosis of Post Polio Syndrome 
1. A prior episode of paralytic poliomyelitis confirmed by history, physical exam, 
and typical findings on EMG. 
2. Standard EMG evaluation demonstrates changes consistent with prior anterior 
horn cell disease (AHCD) (EMG exam not required for limbs with obvious 
poliomyelitis paralysis). 
3. A period of neurological recovery followed by an extended interval of 
neurological and functional stability preceding the onset of new weakness; the 
interval of neurological and functional stability usually lasts 15 years or more. 
4. The gradual or abrupt onset of new weakness in poliomyelifis-affected muscles; 
this weakness may or may not be accompanied by new health problems such as 
generalised fatigue, muscle atrophy, joint and muscle pain, decreased endurance 
and diminished funcfion. 
5. Exclusion of medical, orthopaedic, and neurological condifions that may be 
causing the health problems listed in number 4 above. 
The second criterion for diagnosis of PPS is a characteristic pattern on EMG. 
The changes on conventional EMG suggestive of prior poliomyelitis include large, 
polyphasic motor unit action potentials and a decrease in the number of motor units on 
maximum recruitment in weak muscles. Occasionally, fibrillations are present 
(Halstead, 1991). 
A characteristic pattern of events from onset of poliomyelitis to onset of new 
problems is the third criterion for a diagnosis of PPS. Halstead and Rossi (1987) 
identified four characteristic stages, as shown in Figure 2.2. The stages include: 
1. Paralylic poliomyelitis in childhood or later in life; 
2. Partial to fairly complete neurological and functional recovery; 
3. A period of functional and neurological stability lasting many years, and 
4. The onset of new health problems. 
100 
la 
§ 
M 
n 
" ^ ~ -
A B 
25 
D E 
- - 5 - . -
Y«art 
A Birth 
B Onset of poliomyelitis 
C Maximum recovery 
D Onset of new health problems 
E Time of evaluation 
F Death 
Figure 2.2: Natural history data from Post Polio Clinic in Houston, Texas. 
Years shown are median values for the clinic group. 
From Halstead and Rossi, 1987. 
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The fourth criterion is the onset of new weakness that may come on either 
gradually or abruptly. New weakness is the cardinal symptom of Post Polio Syndrome. 
Halstead (1991) stressed that the new weakness should not be due to disuse of muscles. 
New neurogenic weakness can frequently be distinguished, from disuse weakness, by 
the onset of diminished function despite maintenance of the usual level and intensity of 
activity. 
Halstead (1998c) emphasised that a clear history of new weakness is essenfial 
for making the diagnosis of PPS. It is currently believed that the new neurogenic 
weakness reflects new or continuing dysfunction of previously injured motor units. The 
pathogenesis of PPS will be explored more fully in section 2.4. Often the new weakness 
is accompanied by one or more other new health problems such as excessive fatigue, 
muscle pain, joint pain, decreased endurance, decreased function, and atrophy. 
The fifth and final criterion for a diagnosis of PPS is the exclusion of other 
medical, orthopaedic and neurological conditions that might cause the weakness and 
other health problems listed above. The differential diagnosis of PPS will be discussed 
in detail in section 2.5. 
Dalakas (1995b) defines Post Polio Syndrome as "the development of new 
muscle weakness and fatigue in skeletal or bulbar muscles unrelated to any known 
cause, that begin 25-30 years after an acute attack of paralytic poliomyelitis.'" Dalakas 
(1995b) also observed that some investigators have used PPS as an all-inclusive term, to 
include not only the new neurological symptoms, but also other medical, orthopaedic, or 
psychosocial problems that are indirectly related to long-term post-poliomyelitis 
disability. 
Post-Polio Muscular Atrophy 
To distinguish new, slowly progressive muscle weakness that is neurological in 
origin from musculoskeletal and/or wear and tear problems, Dalakas and colleagues 
coined the term "Progressive Post-poliomyelitis Muscular Atrophy'*. Progressive Post-
poliomyelitis Muscular Atrophy (PPMA) is defined as "progressive new weakness and 
atrophy in muscles with clinical or subclinical signs of chronic partial 
denervation/reinnervation compatible with previous acute poliomyelitis** (Dalakas. 
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Elder. Hallet, Ravits, Baker. Papadopoulos, Albrecht and Sever, 1986). PPMA may 
refer to only a subgroup of those suffering from PPS (Trojan and Cashman, 1997). 
The term PPMA is less often used today, giving way to "Post Polio Syndrome", 
the definition of which continues to evolve and become more specific. In contrast to 
PPMA, Post Polio Syndrome (PPS) is a more heterogeneous term and therefore more 
practical in the typical clinical setting (Gawne and Halstead, 1995). 
The Late Effects of Poliomyelitis 
The term "The Late Effects of Poliomyelitis" is less specific, and refers to the 
myriad of symptoms that individuals with a history of poliomyelitis may experience 
(Gawne and Halstead. 1995). Post Polio Syndrome is now considered to be a sub-
category of the Late Effects of Poliomyelitis (Maynard and Headley. 1999). 
The features of the Late Effects of Poliomyelitis can be considered in three 
broad categories, including: 
1. Symptoms that can be attributed directly to damage caused by the poliovirus. such 
as residual weakness, musculoskeletal imbalance, growth retardation and skeletal 
deformities of affected limbs, respiratory insufficiency or cold intolerance due to 
circulatory disturbances. 
2. Symptoms thought to be related to the body's failure to maintain the level of 
recovery that was achieved following the infection, such as new weakness and 
fatigue (The Post Polio Syndrome). 
3. Symptoms that result from secondary trauma, such as: 
compression neuropathy eg carpal tunnel syndrome after years of crutch walking 
degenerative arthritis of joints that have been over-stressed due to compensatory 
body mechanics 
other repetitive motion problems such as tendonitis, bursitis and failing joint 
fusions 
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In summary, there is currently no consistently agreed upon diagnostic name for 
the new health problems associated with former poliomyelitis. There are currently no 
pathognomonic tests available and firm diagnostic criteria have not been established. 
The term Post Polio Syndrome is beginning to gain international acceptance as it 
is developing sufficient specificity to be clinically useful. However, Gawne and 
Halstead (1995) emphasise that the diagnosis of PPS should not be used 
indiscriminately for e\er\ person with a history of paralytic poliomyelitis with a new 
complaint. They assert that the diagnosis "PPS" should be reserved for those individuals 
whose symptomatology indicates motor unit dysfunction with variable musculoskeletal 
overuse. 
In the review of the post-polio literature which follows, the term Post Polio 
Syndrome will be used when discussing the new problems that poliomyelitis survivors 
are experiencing decades after their original illness. Researchers working with post-
polio populations over the past two decades have increasingly used the term PPS 
(defined in a number of different ways) in studies of epidemiology, pathogenesis and 
management. 
"The Late Effects of Poliomyelitis" was the term chosen for the title of the 
current investigation because the objectives of the study relate to all survivors of 
poliomyelifis currently residing in Queensland, not just those meeting certain diagnostic 
criteria. As new information becomes available about the underlying mechanisms that 
produce late onset problems, the nomenclature and diagnostic criteria will undoubtedly 
change to fit our improved understanding. 
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2.3 EPIDEMIOLOGY OF THE LATE EFFECTS OF 
POLIOMYELITIS 
Epidemiology is the study of disease in populations or groups. Epidemiological 
studies provide information about frequency, distribution and risks of developing a 
certain disease (Maynard and Headley, 1999). An increasing number of studies have 
been reported over the past 15 years that have investigated epidemiological aspects of 
the Late Effects of Poliomyelitis. This section will review studies that have examined 
the type and frequency of new symptoms, the prevalence of the Post Polio Syndrome, 
progression of late onset symptoms and risk factors for the development of Post Polio 
Syndrome. 
2.3.1 CLINICAL FEATURES: QUESTIONNAIRE AND CLINICAL SURVEYS 
Several studies have examined the type and frequency of new symptoms 
experienced by people who have a history of paralytic poliomyelifis. These include both 
clinical and questionnaire-based surveys. There have been a small number of 
population-based surveys and the remainder of the studies have drawn their subjects 
from post-polio clinics or support groups. 
Questionnaire surveys 
Questionnaire surveys have been useful in clarifying the nature and extent of 
new health problems in survivors of paralytic poliomyelifis. Five significant 
quesfionnaire surveys of the Late Effects of Poliomyelitis are summarised in Table 2.2. 
Table 2.2 contains details of study location, sample size, response rate, male/female 
ratio and the reported frequency of new symptoms. 
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Table 2.2: Frequency of new symptoms in five questionnaire surveys of the Late 
Effects of Poliomyelifis. 
Authors 
Year of publication 
Country 
Number of responders 
Male/female ratio 
Response rate 
Symptoms 
Fatigue 
New Weakness 
Weakness of muscles 
previously affected 
Weakness of muscles 
previously unaffected 
Muscle pain 
Joint pain 
New muscle atrophy 
Change in walk 
Muscle cramps 
Change in sleep 
More headaches 
Change in breathing 
Voice change 
Change in swallowing 
Increased tendency to fall 
Muscle twitching 
Pins and needles 
Numbness 
Sensory changes 
Concentration problems 
Personality changes 
Swelling of legs & feet 
Cold Sensitivity 
Halstead 
& Rossi 
1985 
U.S.A. 
539 
.68 
48% 
87.1%* 
-
86.8% 
76.8% 
79.5% 
79.3% 
23.4% 
-
-
42.1% 
-
58.5% 
17.5% 
22.0% 
-
-
-
-
34.7% 
14.9% 
-
-
Chetwynd 
etal 
1993 
New 
Zealand 
694 
.52 
61% 
48.0% 
46.7% 
-
-
42.7% 
59.7%* 
17.4% 
-
48.3% 
56.6% 
-
-
-
16.1% 
-
40.9% 
-
38.3% 
-
-
-
-
-
Lonnberg 
1993 
Denmark 
3607 
.69 
76.5% 
48.3% 
-
59.7%* 
37.5% 
43.6% 
55.0% 
-
-
-
-
26.8% 
-
-
6.1% 
-
-
44.4% 
-
-
-
-
44.4% 
46.1% 
Wekre 
etal 
1998 
Norway 
1449 
.78 
61% 
57% 
-
85%* 
58% 
58% 
58% 
-
-
-
48% 
-
41% 
-
-
-
-
-
47% 
-
39% 
-
43% 
62% 
Westbrook 
1991 
Australia 
318 
.34 
? 
75.2% 
78.6% 
-
-
79.9%* 
76.4% 
27.6% 
60.1% 
43.5% 
43.5% 
29.7% 
27.5% 
18.4% 
16.7% 
42.9% 
38.9% 
-
^ 
-
— 
-
-
55.7% 
* = most frequent symptom 
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One of the foundation studies on the Late Effects of Poliomyelitis was 
conducted by Halstead and Rossi (1985). Halstead and Rossi conducted a 
questionnaire-based survey of the new health problems being experienced by 
poliomyelitis survivors. A mailed self-reporting questionnaire, containing 35 items, was 
used. It focused on three principal areas: 
1. The extent of involvement at the time of onset 
2. The extent of involvement and functional status after achieving maximum recovery 
3. New health problems and changes in functional status since achieving maximum 
recovery. 
Maximum recovery was defined as that period when patients felt they achieved a level 
of maximum strength and function that lasted a number of years. Questionnaires were 
mailed to all 1200 poliomyelitis survivors included on the mailing list of the Polio 
Informafion Centre. New York City. The Polio Information Centre is a non-profit 
organisation that provides information to poliomyelitis survivors and others and has 
members from throughout the United States of America. A total of 578 questionnaires 
were returned - a response rate of 48 percent. Of these, 24 were excluded due to 
incompleteness or a serious question about the original diagnosis of poliomyelitis. 
Another 15 were excluded because the respondent had experienced a significant but 
unrelated health problem since achieving maximum recovery, which altered 
neuromuscular function, such as a stroke. This left 539 questionnaires for analysis. 
Fifty-nine percent of the subjects were female and 41 percent were male. The 
mean and median age was 53 years with a range of 14 to 82 years. Most of the 
respondents (87 percent) were hospitalised at onset and sustained paralysis of one or 
more limbs, indicating that this group, in general, experienced a fairly severe, acute 
infecfion. The year of onset ranged from 1902 to 1969. Since onset of poliomyelifis, 65 
percent had been married and 93 percent had been employed full or part time. 
Regardless of the initial severity, most respondents experienced some 
neurological and functional recovery, which eventually reached a maximum level, a 
median of five years post onset. This period of maximum recovery was variable, but 
lasted a median of 26 years and then was followed, in a large number of subjects, by a 
period of decline. The type and frequency of new health problems experienced by 
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subjects are summarised in Table 2.2. The most frequently reported new symptoms 
were: 
fatigue (87 percent) 
weakness in previously affected muscles (87 percent) 
muscle pain (79 percent) 
- joint pain (79 percent) 
weakness in previously unaffected muscles (77 percent) 
breathing difficulties (59 percent) 
Halstead and Rossi (1985) report that these new health problems were preceded 
by a minor accident, fall or period of bedrest in some cases and sometimes they 
occurred without any apparent provoking incident. 
Table 2.3 summarises the functional changes reported by subjects in the five 
questionnaire surveys. In the study by Halstead and Rossi (1985) the most frequently 
reported new difficulties were with walking (85 percent) and stair climbing (83 
percent). Twenty-two percent of those who were wheelchair users at onset had returned 
to partial or full time use of a wheelchair, after many years of mobility without a 
wheelchair. 
Table 2.3: Frequency of new functional problems in five questionnaire surveys of 
the Late Effects of Poliomyelitis. 
Functional Problem 
Difficulty walking 
Difficulty climbing stairs 
Transfers 
Getting in/out bed 
Bathing 
Using toilet 
Dressing self 
Difficulty with feeding 
General demands daily life 
Employment changes 
Halstead 
and Rossi 
1985 
84.9%* 
82.5% 
63.0% 
n/a 
n/a 
n/a 
62.2% 
n/a 
n/a 
n/a 
Chetwynd 
etal 
1993 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
ft/t 
Lonnberg 
1993 
55.7% 
57.7%* 
n/a 
n/a 
17.3% 
n/a 
19.25% 
n/a 
n/a 
n/a 
Wekre 
etal 
1998 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
Westbrook 
1991 
55.3% 
68.3%* 
n/a 
32.4% 
31.3% 
17.9% 
28.4% 
6.5% 
73.7% 
35% 
* = most frequent new functional problem 
n/a = not assessed 
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Another significant questionnaire survey of the Late Effects of Poliomyelitis is 
the Norwegian Polio Study. This was a nation-wide survey of survivors of poliomyelitis 
in Norway (Wekre, Stanghelle, Lobben and Oyhaugen, 1998). The study employed a 
mailed self-report questionnaire. The 133 item questionnaire was divided into the 
following sections: gender and age, sociomedical aspects, psychosocial situation, 
poliomyelitis history, disability and dependency on technical and personal aids in the 
different phases (acute poliomyelitis, stable phase and current phase) and relation to the 
health care system. No details of question format or style were provided. 
The questionnaire was mailed to 2392 poliomyelitis survivors, the majority of 
whom were members of the Norwegian Nafional Society of Polio Victims. A total of 
1449 persons (61 percent), including 980 women and 459 men answered the 
questionnaire. Sixty-six percent of respondents were between 45 and 64 years of age, 25 
percent were above 64 years and nine percent were under 45 years of age. 
In an attempt to analyse how well the study group represented the total 
populafion of survivors of acute poliomyelitis in Norway, the number of responders was 
compared with the number of acute poliomyelitis cases notified each year from 1925 to 
1964. The respondents represented about one tenth of the notified cases, with equal 
distribution of representation throughout the whole period. 
The frequency of new health symptoms is shown in Table 2.2. The most 
frequent complaints were increased weakness in previously affected (85 percent) and 
unaffected muscles (58 percent), pain in muscles (58 percent) and joints (58 percent), 
considerable fafigue during exercise (80 percent), considerable fatigue in general (57 
percent) and cold intolerance (62 percent). Other frequently reported new problems 
were sleep disturbances, numbness, leg swelling, dyspnoea and concentration problems. 
Wekre et al (1998) surveyed the use of technical aids during the stable phase 
following recovery from poliomyelitis and current use of aids. The number of 
respondents who stated a need for technical aids increased and the percentage of 
respondents who changed from using their aids "sporadically" to "always" also 
increased. Ten percent of subjects used a manual wheelchair in their stable phase 
compared to 20 percent currently. The number of subjects using an electric wheelchair 
increased from 43 in the stable phase to 159 currently. The use of respiratory aids and 
aids for the upper extremity more than doubled from the stable phase to the present 
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phase. 
Wekre et al (1998) also examined the need for personal assistance with activities 
of daily living and reported that the need for personal assistance had increased 
considerably from the stable phase to the present phase. However, details of which 
activifies of daily living were considered and the types of assistance asked about in the 
questionnaire were not provided. Wekre et al (1998) reported that the majority of 
respondents (70 percent) managed their activities of daily living without any personal 
assistance. However, 19 percent needed help with heavy housework and 11 percent 
were totally dependent on personal assistance in acfivities of daily living (ADL). 575 
respondents were still employed, fully or part fime. The number of full-time workers 
had decreased from 65 percent in the stable phase to 32 percent today. 
The largest questionnaire survey of the Late Effects of Poliomyelitis to date, is 
the nafion-wide survey of poliomyelitis survivors in Denmark conducted by Lonnberg 
(1993). This study was possible because, in 1945, the National Polio Association, 
subsequently the National Society of Polio and Accident Vicfims (PTU) initiated a 
registration of all survivors of the Danish poliomyelitis epidemics. In addition, all cases 
of poliomyelitis in Denmark have been notified since 1905. 
For the purposes of this study Lonnberg (1993) used the term "late onset polio 
sequelae" which was defined as "neurological impairment following antecedent 
poliomyelitis: weakness of muscles previously affected or not affected and problems 
with activifies of daily living". 
The PTU was able to trace 4714 registered poliomyelitis survivors who formed 
the study population. A questionnaire was mailed to all registered poliomyelitis 
survivors, with one reminder nofice if necessary. A total of 3607 responses were 
received - a response rate of 76.5 percent. The questionnaire consisted of 92 questions 
about: 
- the onset of poliomyelitis: the year of onset, hospitalisation and rehabilitation, site of 
paralysis and disability 
- the subsequent course: occupation, sick leave and retirement, need of physical 
assistance, ambulatory aids, medical and surgical treatment, rehabilitation and 
participation in sports 
new health problems 
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To analyse how well the study group represented survivors of paralytic 
poliomyelitis in Denmark, the number of responders was compared with the number of 
paralytic cases notified to the medical authorities each year from 1934. This revealed 
that the responders represented about one third of the notified cases, with a trend 
towards greater representation in the later years. The study group was not claimed to be 
representative of all poliomyelitis survivors in Denmark. 
The female response rate was 83 percent and the male response rate was 69 
percent. A higher female response rate has been found in several surveys of the Late 
Effects of Poliomyelifis (Halstead and Rossi, 1985; Wekre et al, 1998 and Westbrook, 
1991). There is no evidence of greater morbidity among females during the 
poliomyelitis epidemics. On the contrary, Halstead (1998a) states that at all ages, 
poliomyelitis affected males slightly more than females. However, the female 
preponderance could be associated with a higher survival rate, a greater likelihood of 
symptom recognition and more frequent use of medical care by females. There are well-
documented gender differences in health behaviours such as seeking health information 
and returning questionnaires (Westbrook and Viney, 1983). 
Almost half the responders to the Danish survey (49 percent) had acute paralysis 
in one leg only and thus were not severely paralysed, whereas 11 percent had paralysis 
in all four limbs and 11 percent had paralysis of the respiratory muscles. The older age 
groups were more severely paralysed. 
The frequency of reported new health problems is given in Table 2.2. The three 
most frequent complaints were considerable fatigue during exercise, considerable 
weakness in previously affected muscles and pain (in muscles and joints). Fatigue was 
the most common symptom in both sexes. All reported new symptoms were more 
prevalent in women than in men. 
The frequency of ADL problems is shown in Table 2.3. The most predominant 
problems were related to walking (56 percent) and climbing stairs (58 percent). 
Lonnberg (1993) separated subjects into four age categories: below 40; 40-49; 50-59 
and above 60. All new symptoms and ADL difficulties were found to be more common 
in the older age groups and more frequent in the female subgroups. 
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Chetwynd, Botting and Hogan (1993) conducted a postal questionnaire survey to 
examine the experience of poliomyelitis and post-polio symptoms amongst a group of 
survivors of poliomyelitis currently resident in New Zealand. Potential respondents 
were contacted through the popular press and 700 requests for questionnaires were 
received. In addition, copies of the questionnaire were included with a newsletter of the 
New Zealand Post-Polio Support Society sent to 430 members. 694 completed 
questionnaires were analysed for this study, a response rate of 61 percent. Chetwynd et 
al (1993) did not publish specific details of the questionnaire used. The mean age of 
subjects was 59 years and two thirds of the subjects were women. The year of 
poliomyelifis infection was between 1915 and 1962 with the majority (54 percent) being 
in the 1945-56 period. Seventy-three percent were under 16 years of age at the time. 
Chetwynd et al (1993) devised a list of eight body parts which was used to 
compare subjects experience of weakness when at best recovery, with current weakness. 
Increasing muscle weakness in one or more area was reported by 38 percent of the 
sample. The frequencies of other symptoms reported are detailed in Table 2.2. Joint pain 
was reported by 60 percent. Almost half the sample (48 percent) reported excessive 
firedness or fatigue. The impact of new symptoms on activities of daily living and 
employment were not reported. 
The only published Australian questionnaire survey was conducted by 
Westbrook (1991). Westbrook (1991) developed a 12-page quesfionnaire of 51 
questions. The following aspects were covered: 
- poliomyelitis history (age at onset, parts of the body initially affected by 
poliomyelitis llist of 17 body parts], presence of respiratory paralysis and need of 
respiratory support) 
- current health (present state of health compared with other people of the same age; 
presence of new weakness, paralysis or atrophy [same list of body parts as above]; 
presence/absence of 15 post-polio symptoms frequently reported in the literature) 
- medical and surgical history; use of assistive devices at maximum recovery and 
today 
- first post-polio symptom and year of occurrence 
- consultation of health practitioners and usefulness of treatment 
26 
- effect of post-polio symptoms on activities of daily living, employment and lifestyle 
demographic information 
Questionnaires were distributed by post-polio support groups in Sydney and 
Adelaide, to group members and poliomyelitis survivors who contacted these groups 
following media publicity. Some returned questionnaires were photocopies of the 
original (obviously distributed by respondents), so the precise return rate could not be 
established. A total of 318 completed questionnaires were returned mainly from New 
South Wales and South Australia. 
The sample consisted of 236 females and 82 males. The median age of the 
sample was 54 years. No significant gender difference was found in age at onset of 
poliomyelifis or in the degree of severity of initial attacks of poliomyelitis as measured 
by the number of body parts involved or length of hospitalisation. 
Women reported slightly more post-polio symptoms than males, but there were 
no significant differences in ratings of current health, the number of ADLs affected by 
post-polio symptoms or in assistive aids used. 
The median year during which the respondents had developed poliomyelitis was 
1950. Dates of contracting the disease ranged from 1907 to 1962. There were three 
clusters of years when frequencies were high due to epidemics: 1937-1938, 1945-1946 
and 1949-1954. 
The average age at which subjects contracted poliomyelitis was 11 years (range 
one month to 44 years). The distribution was positively skewed; 25 percent contracted 
poliomyelitis by the age of three, 50 percent by the age of eight and 75 percent by the 
age of 17. The majority of subjects (83 percent) were hospitalised. The average inifial 
stay in hospital was 1.6 years. 
Westbrook (1991) found that the lower limbs and back were most likely to be 
affected during the acute illness, followed by the abdomen. Of those who said that their 
chests were affected initially, 59 percent indicated that they had required some form of 
respiratory support. The average respondent was initially affected in nine of the 17 
body parts listed. 
Westbrook (1991) also applied a six-point index of initial severity of 
poliomyelitis, originally developed by Klingman, Chui, Corgiat and Perry (1988). One 
point is assigned for each limb involved, one for back and one for chest involvement. If 
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this index is applied to the group then one subject had a score of zero, ten percent had a 
score of one, 22 percent of two, 27 percent of three, 12 percent of four, 13 percent of 
five and 16 percent of six. The number of body parts initially affected and the Klingman 
index of severity were found to have a correlation of .89. Westbrook (1991) concluded 
that the Klingman index was a useful tool for classifying post-polio subjects in terms of 
the severity of the acute poliomyelitis illness. 
Westbrook (1991) reported on the percentages of subjects who had recently 
experienced increased weakness, pain or atrophy in various body parts. Subjects also 
indicated whether changes occurred in parts that had previously been affected by 
poliomyelitis or not. Changes were most likely to have taken place in the back or the 
hips and to be occurring in body parts that were initially affected by the disease. Among 
subjects reporting changes, six was the average number of body parts in which changes 
had been observed. 
Westbrook (1991) examined the presence of 15 new post-polio symptoms (see 
Table 2.2). Those changes occurring most frequently were increased muscle pain and 
weakness, unusual tiredness, joint pain, changes in walking and increased sensitivity to 
cold. These were all reported by more than half the sample. The average respondent 
had 7.4 symptoms. The average time since acute onset until the appearance of new 
symptoms was 32.9 years. 
At their time of maximum recovery from poliomyelitis, 47 percent of the sample 
could walk independently, 40 percent depended on assistive devices such as crutches, 
irons or walking sticks at least some of the time and 13 percent used a wheelchair at 
least some of the time. At the time of the survey only 41 percent were walking 
independently, 35 percent required assistive devices and 24 percent used a wheelchair. 
Three percent of the group now used respiratory devices such as ventilators. 
Westbrook (1991) calculated the proportions of the total sample whose abilities 
in eight areas of daily living had declined. The average respondent reported a decline in 
2.9 areas. Almost three-quarters of the group were finding it more difficult to meet 
everyday demands, 68 percent were finding it harder to climb stairs and 55 percent to 
walk on a level surface. Fourteen percent of the sample had experienced no decline in 
activities of daily living. Seventy-three percent of the total group described lifestyle 
changes that they had made as a result of their symptoms (see Table 2.3). Thirty-five 
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percent of subjects stated that they had to make some change regarding their 
employment because of post-polio symptoms. 
Clinical Studies 
In an effort to confirm the findings of their previous questionnaire survey, 
Halstead and Rossi (1987) conducted a clinical survey. They examined 132 consecutive 
patients seen over a one year period at the Post-Polio Clinic at the Institute for 
Rehabilitation and Research in Houston, Texas. All pafients were carefully evaluated to 
confirm the diagnosis of previous poliomyelifis and rule out non-polio causes for their 
new symptoms. The demographics of the study group were similar to those of the 
questionnaire surveys: the majority of patients were women (66 percent) and middle 
aged (median age 45 years, with a range from 24 to 86 years). Table 2.4 lists the 
frequencies of the most common new health and funcfional problems occurring in this 
group. In agreement with the questionnaire surveys, the most common new symptoms 
reported were fatigue, muscle and joint pain and new weakness and the most common 
functional problems were mobility related. 
Table 2.4: New health and functional problems for 132 consecutive patients with 
confirmed previous poliomyelitis. From Halstead and Rossi, 1987. 
Percentage of subjects 
with problem 
Health problems: 
Fatigue 89 
Muscle pain 71 
Joint pain 7i 
Weakness 
Previously affected muscles 69 
Previously unaffected muscles 50 
Cold intolerance 29 
Atrophy 28 
Cramps 18 
Fasciculations 12 
ADL problems: 
Walking 64 
Climbing stairs 61 
Dressing _ 17 
29 
While the various surveys reviewed have been different in size and were 
conducted in different countries and at different times, the results are strikingly similar. 
While the frequency distribution of the new symptoms reported may differ from study 
to study, it is increasingly clear that there is a common set of complaints that is quite 
specific to the post-polio patient. The differences in reported frequencies of symptoms 
between the studies may be influenced by a number of factors. These include: 
differences in distribution of age and gender at the epidemics 
differences in severity of initial paralysis 
- differences in organisation of health care and rehabilitation in different countries 
- methodological differences, including method of recruitment of subjects and 
questionnaire construction 
It is notable that the relative frequencies of the most common symptoms reported are 
similar in the various surveys reviewed. All have found the occurrence of increased 
muscle weakness, pain and fatigue to be the most common post-polio symptoms. New 
difficulties with activities of daily living, particularly mobility related tasks are also 
frequently reported. 
2.3.2 PREVALENCE OF THE POST POLIO SYNDROME 
The prevalence of Post Polio Syndrome is currently unknown. The question of 
prevalence is complicated by a number of factors. Firstly, in most countries, it is 
impossible to establish the number of living individuals who have suffered poliomyelitis 
in the past. It is essential to know the size of the poliomyelitis survivor population to 
obtain an accurate estimate of prevalence of PPS. In addition, because the definitions of 
PPS used in the literature vary so greafiy, it is difficult to compare studies on 
prevalence. And finally, none of the samples in the studies reviewed in the previous 
section could be considered as representative of the total population of poliomyelitis 
survivors. 
There have only been a small number of studies that have drawn their samples 
from a well-defined population of poliomyelitis survivors. To gain the best available 
information on prevalence, these population-based surveys will now be reviewed. 
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Current estimates of the number of poliomyelitis survivors, in the United States of 
America and Australia will then be considered. 
Population-based surveys 
The first population-based study was conducted by Codd et al (1985) in 
Rochester, Minnesota. Residents of Rochester and surrounding Olmsted County, 
Minnesota have for many decades received their medical care primarily at the Mayo 
clinic and its affiliated hospitals. Diagnoses have been indexed and processed for 
automated retrieval since 1935. This provides a unique opportunity to conduct 
population-based research. 
Codd et al (1985) identified 201 well-documented cases of acute paralytic 
poliomyelitis occurring in Rochester between 1935 and 1955. Codd et al (1985) traced 
148 survivors for follow-up using a mailed, self-reporting questionnaire. Responses 
were gained from 125 people, a response rate of 84 percent. Twenty-eight individuals 
(22.4 percent) indicated deterioration since their maximal recovery from poliomyelitis. 
In a subsequent study by Windebank, Litchy, Daube, Kurland, Codd and Iverson 
(1991) the group from Rochester was expanded to include all residents of Olmsted 
County, Minnesota, who had paralytic poliomyelitis between 1935 and 1959. There 
were 300 cases of paralytic poliomyelitis in the 24-year period and 293 were traced. 
Thirty people (10.5 percent) died in the acute phase of the illness and 23 died in later 
years. Windebank et al (1991) selected 50 survivors, who lived closest to Rochester, for 
comprehensive prospective evaluation. An equal number were selected from those who 
were complaining of deterioration and those who were not. The clinical characteristics 
at the time of acute illness and maximal deficit for the 50 subjects were compared in 
detail to those of the whole group of surviving individuals to ensure that the cohort was 
representative of the total population of poliomyelitis survivors in Olmsted County. 
Thirty-two individuals (64 percent) complained of some combination of fatigue, pain 
and weakness. 
Thus, the prevalence estimate increased from 22.4 percent (Codd et al, 1985) to 
64 percent (Windebank et al, 1991) in the same cohort. However, the later study used a 
sampling method that may have biased the subject group toward higher prevalence. 
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The only other significant population-based questionnaire survey was conducted 
by Ramlow, Alexander, LaPorte, Kaufmann and Kuller (1992) in Allegheny County, 
Pennsylvania. Ramlow et al (1992) reviewed the medical records from the Pittsburgh 
Municipal Hospital and the Children's Hospital of Pittsburgh from 1950 to 1955. All 
cases with a confirmed diagnosis of paralytic or non-paralytic poliomyelitis who were 
residents of Allegheny County, Pennsylvania at the onset of the acute illness were 
selected for follow-up. A total of 828 confirmed cases were found to be eligible for 
follow-up tracing. 
Ramlow et al (1992) employed a mailed, self-report questionnaire consisting of 
three sections: 
1. Questions concerning the presence of muscle weakness in specific body segments; 
the presence of new (since maximal recovery) neuromuscular symptoms including 
muscle weakness, muscle pain, and fatigue; recent (within the previous 10 years) 
changes in ability to perform selected acfivities of daily living and to meet the 
general physical demands of daily life; previous and current use of ambulatory or 
respiratory aids; history of rehabilitative surgery and presence of major medical 
conditions not related to poliomyelifis. 
2. Questions concerning personal data including date of birth, education, marital 
status and occupational history. 
3. Questions concerning historical levels of physical acfivity. 
Survey data were obtained from 551 (88 percent) of the 626 located living 
cohort members, giving a current health ascertainment rate of 66.5 percent for the entire 
Allegheny County poliomyelitis cohort. The 551 surveyed subjects were 6 months to 41 
years of age (mean 7.7 years) at acute onset and 32-81 years of age (mean 42 years) at 
follow-up. The time from acute illness to survey ranged from 32 to 39 years (mean 34 
years). 
Seventy-eight percent (n = 428) of surveyed subjects reported noting at least one 
new neuromuscular symptom within the previous ten years and 42 percent (n = 229) 
reported deteriorated capacity in at least one activity of daily living. Frequencies of 
symptoms and problems were compared between the acute paralytic cases and acute 
non-paralytic cases. All but two late-onset symptoms (new difficulty in breathing or 
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swallowing) and all functional problems were significantly more frequent among the 
acute paralytic cases. 
Ramlow et al (1992) classified subjects as probable PPS cases if they reported 
both new muscle weakness and new muscle pain (or recent new difficulty in swallowing 
or change in voice for subjects with acute bulbar involvement) in the absence of an 
otherwise explanatory medical condition. Of 551 respondents, 137 met the criteria for 
probable PPS, giving an overall PPS prevalence estimate of 24.9 percent (95 percent 
confidence interval 21.3- 28.5) at 32-39 years after the acute phase. All but two of the 
PPS cases were acute paralytic poliomyelitis cases, among whom the estimated PPS 
prevalence was therefore 28.5 percent (95 percent confidence interval 24.4-32.6). The 
separate estimate for non-paralytic cases was 2.5 percent (95 percent confidence interval 
0.3-9.4). 
The prevalence estimate of 28.5 percent reported by Ramlow et al (1992) is 
slightly greater than that found in the smaller Mayo Clinic cohort (Codd et al, 1985), but 
significantly smaller than has been suggested by non-population-based studies. The 
much greater prevalence estimates obtained in studies not based on defined patient 
populations may result from the tendency of symptomatic individuals to be over-
represented in samples taken from clinics and support groups. 
In conclusion, a small number of population-based studies have attempted to 
identify the frequency of PPS in people who have recovered from acute paralytic 
poliomyelitis. Estimates of the percentage of people who had acute paralytic 
poliomyelifis and now have PPS range from 22 to 64 percent. It is not known how 
frequently the symptoms reported in these surveys occur in a representative sample of 
the general population matched for age and sex. More careful population-based research 
is required to clarify these issues. 
Number of poliomyelitis survivors 
The number of survivors of paralytic poliomyelifis in the general population is 
not known. Halstead (1998a) states that from a 1987 survey, the Centre for Health 
Statistics estimated that there were 1.63 million poliomyelitis survivors in the United 
States. Of these, 641,000 (39.2 percent) persons had paralytic poliomyelitis. Based on 
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an approximate population in that country of 240 million this would suggest a 
prevalence of270 per 100 000. 
Accurate figures about the number of current Queensland residents, who have 
had paralytic poliomyelitis in the past, are not available. There is no state or national 
registry of persons who were diagnosed with the disease. The best estimate is based on 
information from the Queensland Annual Reports of Health and Medical Services, 
which record the number of people in Queensland notified as being diagnosed with 
poliomyelitis each year and the number of deaths from acute poliomyelitis. Details of 
the number of cases of poliomyelitis notified in Queensland were presented in section 
2.1.7. There were approximately 3850 cases of poliomyelitis notified in Queensland 
between 1917 and 1975. There is no information available regarding the specific 
diagnoses (i.e. paralytic or non-paralytic poliomyelifis). An unknown number of 
poliomyelifis survivors will have subsequently died. Immigrants, refugees and people 
who have moved to Queensland from interstate have added an unknown number to the 
Queensland population of poliomyelifis survivors. 
2.3.3 ONSET OF NEW SYMPTOMS 
Gawne and Halstead (1995) observed that the onset of new problems in 
poliomyelitis survivors is most commonly insidious, but in many persons it is 
precipitated by specific events such as a minor accident, period of bed rest or weight 
gain. Patients characteristically say that a similar event several years earlier would not 
have caused the same decline in health and function. Likewise, new problems may 
begin when coexisting medical problems develop or worsen. 
The time course for the development of late symptoms is fairly characteristic as 
demonstrated by a number of studies. In their clinic-based study, Halstead and Rossi 
(1987) summarised data on the natural history of poliomyelitis for the clinic group 
(Figure 2.2). The median age at onset was seven years and the median time to achieve 
full recovery was eight years. The period of neurological and functional stability in this 
group lasted a median of 25 years, followed by the onset of new health problems that 
had existed a median of five years before evaluafion in the post-polio clinic. 
Codd et al (1985) reported an average interval from the acute poliomyelitis 
episode to the onset of new symptoms of 25 years (range 12 - 35 years). Westbrook 
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(1991) found that the average time between the initial poliomyelitis infection and the 
onset of new problems was 32.9 years. Ramlow et al (1992) found that the incidence of 
PPS peaked at 30 - 40 years after the acute infection. 
There is now general agreement in the literature that poliomyelitis has four 
stages: acute illness, period of recovery, stable disability and a fourth stage 
characterised by new symptoms related to the original poliomyelitis infection (Halstead, 
1998a). This stage commences on average between 20 and 40 years following the acute 
attack. 
2.3.4 PROGRESSION 
The Late Effects of Poliomyelifis have only been widely recognised for a short 
period of time. Therefore studies that have investigated progression of symptoms are 
limited in number. These studies have tended to focus mainly on progression of muscle 
weakness. 
Dalakas et al (1986) followed a group of post-polio subjects over an average 
period of 8.2 years (range, 4.5 to 20) and examined the progression of new weakness. 
Using manual muscle testing (MRC scale) Dalakas et al (1986) found that the pace of 
worsening differed from subject to subject, being generally slow and variable even 
within the same subject. Long periods (up to ten years) of stability were not 
uncommon. However, for a cumulative ten-year period, the average progression of 
weakness was estimated as one percent per year. 
Dalakas et al (1986) reported that the subjects' gender, age at onset of new 
symptoms and physical activity level preceding the development of new weakness did 
not appear to contribute significantly to the rate of progression. Dalakas et al (1986) 
commented that the impact of the new weakness on the functional capabilities of the 
individual is variable, but it appears to depend mostly on the residual deficit the person 
is left with. The more severe the residual poliomyelitis deficit, the greater the functional 
impact of new weakness on the individuals neuromuscular function. 
A more recently published study by Grimby, Stalberg, Sandberg and 
Sunnerhagen (1998) investigated muscle strength in post-polio subjects over a period of 
eight years. Quadriceps muscle strength was measured on three occasions during eight 
years in 30 legs in 21 post-polio subjects. All limbs tested had EMG evidence of 
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previous poliomyelitis. On average, there was a decrease in isometric muscle strength of 
nine percent, in isokinetic strength at 60°/s angle velocity of 13 percent and in isokinetic 
strength at 180°/s angle velocity of 15 percent. Grimby et al (1998) divided the legs into 
those in which increased muscle weakness had been perceived during the eight-year 
period (unstable) (n= 20) and those with no perceived new weakness (stable) (n= 10). 
The decrease during the eight years was 12-19 percent for the three strength measures in 
the unstable legs and one to seven percent in the stable legs. This was contrasted with a 
reduction of four to eight percent over an eight-year period in healthy controls. 
The group of 50 subjects, from the Mayo clinic, studied by Windebank et al 
(1991) was re-examined five years later by Windebank, Litchy, Daube and Iverson 
(1996). This group of 50 paralytic poliomyelitis survivors were studied on both 
occasions using a structured history questionnaire, scored neurological examination, 
detailed electrophysiological studies, isometric muscle strength measurement, 
pulmonary function tests, psychological inventories and timed tests of function 
including gait and upper limb dexterity. All the measures of neuromuscular function 
demonstrated stability over a five-year period in this group of subjects. 
Stanghelle and Festvag (1997) investigated progression of symptoms in a group 
of individuals who had all received a diagnosis of PPS based on the criteria proposed by 
Halstead and Rossi (1987). Stanghelle and Festvag (1997) followed 63 subjects over a 
period of three-five years. The subjects were 43 women and 20 men with a mean age of 
55 at the second evaluation. All subjects had previously received comprehensive 
multidisciplinary assessment and intervention. The subjects answered a questionnaire 
about their subjective symptoms and medical and social situation and underwent 
spirometry and symptom-limited exercise stress testing. 
Seventy-five percent of subjects reported new weakness in polio-affected 
muscles during the follow-up period. Objective muscle strength comparisons were not 
performed. General fatigue was an increasing problem in 77 percent of subjects and 61 
percent reported increased muscle and joint pain during the follow-up period. 
There was an increased requirement for personal assistance with instrumental 
activities of daily living such as housework and carrying things. There was also an 
increased use of assistive devices during the follow-up period. The number of subjects 
still employed decreased from 50 percent to 27 percent during the three-five years, with 
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a corresponding increase in persons who received a disability pension. Lifestyle changes 
were reported by 74 percent of subjects. Eighty-five percent reported that they rested 
more, 45 percent said they received more help at home and 45 percent stated that they 
had changed their work tasks due to their post-polio problems. 
A pronounced reduction in peak oxygen uptake (compared to normal values) 
was seen at the first evaluation. At the second examination, peak oxygen uptake was 
further decreased, more than predicted from increasing age. The subjects' body mass 
index increased significantly during the same period. 
While studies of muscle weakness in post-polio groups have shown relatively 
slow rates of progression, the study by Stanghelle and Festvag (1997) points to a more 
alarming deteriorafion in subjective symptoms, physical disability and cardiorespiratory 
fitness in post-polio individuals despite comprehensive multidisciplinary intervention. 
These findings were in contrast with those of Windebank et al (1996) who reported 
stability on a range of measures over a five-year period. Stanghelle and Festvag (1997) 
acknowledged that their sample consisted of subjects who had already been diagnosed 
with PPS and thus the extent of progression in these subjects could not be extrapolated 
to the poliomyelitis population in general. Obviously further research is required to 
establish the likely prognosis for individuals with a past history of poliomyelitis. 
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2.3.5 INDICES OF SEVERITY 
It is of great importance to develop standardised methods for classification of 
post-polio problems. Standardised and widely agreed upon classifications of severity of 
post-polio problems would facilitate comparisons between studies examining 
prevalence and progression of post-polio problems and risk factors for their 
development. 
Lonnberg (1993) suggested a post-polio index based on the new symptoms of 
weakness and physical dysfunction. The post-polio index has four categories: 
Group 1: No new weakness of muscles and no new physical dysfunction. 
Group 2: Widespread or limited new weakness or new physical dysfunction. 
Group 3: Limited new weakness and new physical dysfunction. 
Limited weakness means weakness in previously affected muscles or 
previously not affected muscles, but not both kinds of weakness. 
Group 4: Widespread new weakness and physical dysfunction. 
Widespread weakness means weakness in previously affected and 
previously not affected muscles. Physical dysfunction means problems 
with at least one of the following: walking, climbing stairs, dressing, 
maintaining personal hygiene, eating and swallowing. 
Lonnberg (1993) found a close correspondence between the post-polio index and 
all of the other symptoms studied in the Danish nation-wide survey. The lowest 
frequencies for each symptom were found in index group I and the highest in index 
group IV. Lonnberg (1993) concluded that the two index defining symptoms (weakness 
in muscles previously affected or previously unaffected and physical dysfunction) give 
sufficient information to delineate and describe poliomyelitis survivors in relation to 
new health problems. Lonnberg (1993) proposed the post-polio index as a meaningful 
and simple screening tool for the Late Effects of Poliomyelitis. 
38 
Westbrook (1991) measured the severity of post-polio sequelae in terms of the 
number of post-polio symptoms reported, the number of body parts in which recent 
changes had occurred and the number of activities of daily living in which performance 
had declined. 
Ramlow et al (1992) used the following indicators of impairment to classify 
post-polio subjects: 
- new or increased use of a walking aid 
- new or increased use of a wheelchair 
- new or increased use of a respirator 
- an occupational disability due to Post Polio Syndrome 
Post-polio problems can obviously be classified in a variety of ways. If the 
intemational scientific community involved in post-polio research could find a common 
and widely applicable system for describing the degree of new or increased impairment 
and disabilities in post-polio subjects, the possibility of comparing different studies on 
epidemiological factors and aefiological mechanisms would be greatly enhanced. 
2.3.6 RISK FACTORS 
On the basis of epidemiological surveys it is not possible to make substantial 
conclusions concerning the aetiology of a disease process. However, such surveys are 
useful for assessing risk factors for a specific disease (Lonnberg and Madsen, 1993). 
There is currently no consensus regarding the risk factors for the development of Post 
Polio Syndrome. A number of surveys of new health problems in late poliomyelitis 
have included an analysis of potential risk factors. The following risk factors have been 
considered: 
1. Risk factors related to the acute poliomyelitis episode: 
• age at onset 
. severity of paralysis 
• use of ventilator 
• hospitalisation 
. year of acute poliomyelitis infection 
. gender 
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2. Risk factors related to the post-polio period: 
. polio/post-polio interval 
. current age 
. functional recovery / residual impairment 
. weight gain 
. presence of muscle pain associated with exercise 
It is not possible to draw any firm conclusions regarding the most important risk 
factors for PPS, for a number of reasons. Firstiy, there have only been a small number 
of studies examining risk factors and their results have been conflicting. The findings of 
six studies that have attempted to define risk factors for PPS are summarised in Table 
2.5. 
On the basis of these studies the most important risk factor appears to be the 
severity of the acute poliomyelitis illness, as measured by the severity of acute paralysis 
and the need for hospitalisation. However, due to methodological differences, it is 
difficult to compare findings regarding risk factors between these studies. For example, 
Lonnberg and Madsen (1993) examined the association between potential risk factors 
and the frequency of late onset poliomyelitis sequelae. Late onset poliomyelitis sequelae 
were defined as: "concomitant new weakness of muscles (previously affected and or 
previously not affected) and new physical dysfunction, defined as problems with at least 
one of the following functions: walking, climbing stairs, dressing, maintaining personal 
hygiene, eating and swallowing". In contrast, Trojan, Cashman, Shapiro, Tansey and 
Esdaile, (1994) examined the correlation between potential risk factors and the presence 
of PPS defined as "new symptoms of increased or new muscular weakness and fatigue 
(muscular or general)". In the study by Windebank et al (1991) potential risk factors 
were examined in relation to the presence or absence of any new complaints. Westbrook 
(1991) found a significant correlation between the severity of the initial attack of 
poliomyelifis, as measured by the Klingman index, and the number of post-polio 
symptoms, number of body parts that had undergone recent changes and number of 
daily life activities for which performance had declined. 
In summary, although studies have tended to examine a similar group of 
potential risk factors, the lack of consistency regarding the definitions of PPS and Late 
Effects of Poliomyelitis has made the findings of these studies difficult to compare. 
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Table 2.5: A comparison of six studies examining potential risk indicators for 
Post Polio Syndrome. 
Potential Risk Factor 
Female gender 
Trojan et Lonnberg Halstead 
a! 1994 & Madsen & Rossi 
1993 1985 
Ramlow Winde-
et al bank et al 
1992 1991 
not significant not significant n/a* 
significant significant 
Westbrook 
1991 
n/a 
Greater current age significant significant n/a n/a not n/a 
significant 
Greater age at onset not not significant not n/a 
significant significant significant 
not 
significant 
Greater severity of 
acute paralysis 
significant significant significant not significant significant 
significant 
Ventilation during 
acute illness 
n/a not significant n/a 
significant 
n/a n/a 
Being hospitalised 
dunng acute illness 
n/a significant significant n/a n/a n/a 
Year of acute polio 
infection 
n/a significant n/a n/a n/a n/a 
Length polio/post-
polio interval 
significant n/a n/a significant not 
significant 
n/a 
Higher recent physical "ot 
activity level significant 
ni$. n/a not n/a 
significant 
n/a 
Greater residual 
impairment 
n/a n/a n/a significant n/a n/a 
Less residual 
impairment 
not 
significant 
n/a n/a n/a n/a n/a 
Recent weight gain significant n/a n/a n/a n/a n/a 
Presence o f m u s c l e significant n/a 
pain with exercise 
n/a n/a n/a n/a 
JPresence of joint pain significant n/a n/a n/a n/a n/a 
n/a = not assessed 
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2.4 PATHOGENESIS 
Management of a disorder should always be based on knowledge of its 
pathogenesis. As discussed previously, many of the features of the Late Effects of 
Poliomyelitis can be attributed directly to damage caused by the poliovirus, such as 
residual weakness, or result from secondary trauma, such as degenerative arthritis in 
joints that have been over-stressed due to compensatory body mechanics. This review 
will therefore focus on the aetiology of the Post Polio Syndrome. 
The definitive aetiology of PPS is currently unknown. Research has focused 
mainly on the causes of new weakness and muscular fatigue. A consensus is beginning 
to emerge that new weakness and muscular fatigue in PPS result from degenerative 
changes within motor units. To understand the possible causes of PPS it necessary to 
have knowledge of the pathophysiology of acute poliomyelitis and the adaptive 
neuromuscular responses that occur during recovery from paralytic poliomyelitis. The 
pathogenesis of acute poliomyelitis was discussed in section 2.1.2. The physiological 
process of recovery from paralytic poliomyelitis will now be examined. This will lead 
into a review of current understanding of the aetiology of the Post Polio Syndrome. 
2.4.1 RECOVERY FROM ACUTE PARALYTIC POLIOMYELITIS: 
ADAPTIVE NEUROMUSCULAR RESPONSES 
During the recovery process following acute paralytic poliomyelitis, remaining 
brainstem and spinal cord motor neurons can elaborate new branches, or axonal sprouts. 
These sprouts can reinnervate muscle fibres that have been denervated by the acute 
infection. Sprouting (or collateral innervation) can restore the capacity of voluntary 
muscle fibres to contract and thus improve clinical strength (Trojan and Cashman, 
1997). There is considerable electrophysiological evidence, including single fibre and 
macro-EMG and muscle morphological data to support this concept of reinnervation 
(Grimby and Stalberg, 1995). The process of denervation of muscle fibres during acute 
poliomyelitis and reinnervation during recovery is illustrated in Figure 2.3 (part a-c). 
Muscle biopsy studies have shown that the remaining motor neurons may 
innervate up to eight times the normal number of muscle fibres (Coers and Woolf 
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1959). Survivors of acute poliomyelifis may be left with a few, significantly enlarged 
motor units doing the work previously performed by many units (Gawne and Halstead, 
1995). 
Motor neuron sprouting also produces fibre type grouping. The different 
histochemical muscle fibre types in normal muscle are distributed in a mosaic pattern 
throughout a muscle fascicle. The histochemical type of a muscle fibre is determined by 
the motor neuron by which it is innervated. Local motor neuron sprouting will therefore 
produce a grouping of histochemically similar muscle fibre types (Trojan and Cashman, 
1997). 
In addition to sprouting, the remaining innervated muscle fibres hypertrophy 
(also illustrated in Figure 2.3). Muscle fibre hypertrophy contributes further to the 
recovery of strength after paralytic poliomyelitis (Grimby, Einarsson, Hedberg and 
Aniansson, 1989). 
In summary, the extent of neurological and functional recovery is determined by 
three major factors: 
the number of motor neurons that recover and resume their normal function 
the number of motor neurons that develop terminal axon sprouts 
the degree of muscle fibre hypertrophy 
Because these mechanisms of compensation are so effective, a muscle can retain normal 
strength even after 40 percent to 60 percent of the original motor neurons have been 
lost. Therefore in some subjects, manual muscle testing may be normal even when more 
than half of the original anterior horn cells have been destroyed (Sharrad, 1955). 
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C. RECOVERY AND 
FUNCTIONAL STABILITY 
D. POST-POUO 
SYNDROME 
O O 
KEY 
Normal muscle cell 
Hypertroidiied muscle cell 
Orphaned muscle cell 
Figure 2.3: The motor unit before and after poliomyelifis. Proposed mechanism for 
new muscle weakness in Post Polio Syndrome. 
Adapted from Halstead, 1998a. 
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2.4.2 DEGENERATIVE CHANGES WITHIN MOTOR UNITS: 
ELECTROPHYSIOLOGICAL AND MUSCLE BIOPSY EVIDENCE 
The phenomenon which occurs during recovery from paralytic poliomyelitis, in 
which sprouting from surviving motor neurons leads to reinnervation of muscle fibres, 
is well documented. There is now considerable evidence that the abnormally enlarged 
motor units after acute paralytic poliomyelitis are not indefinitely stable. The consensus 
at present is that the new weakness and fatigue of PPS are due to degenerative changes 
in motor units, particularly loss of terminal axonal sprouts (known as peripheral 
disintegration). 
Conventional electromyographic observations on post-polio muscles show that 
the muscles that become extremely weak and atrophic have few to no motor unit action 
potentials (MUAPs), but other muscles, including those that are clinically normal or 
historically not affected, have large, polyphasic MUAPs. (Wiechers and Hubbell, 1981; 
Cashman, Maselli, Wollman, Roos, Simon and Antel, 1987). This is expected when one 
considers the generalised nature of the acute illness. The size of the voluntary motor 
unit action potentials are increased due to a very successful reinnervating process that 
results in giant-size motor units (Dalakas, 1995c). 
In a study comparing the size of MUAPs in control subjects and post-polio 
subjects with and without new weakness, Agre and Rodriquez (1990) found that the size 
of MUAPs was significantly larger in all post-polio subjects, and that those with new 
weakness had larger units than those without. 
Wiechers and Hubbell (1981) first proposed that the abnormally enlarged motor 
units after acute paralytic poliomyelitis are not indefinitely stable, but that terminal 
axonal sprouts degenerate over time producing denervation of muscle fibres. It is 
possible that some of these denervated muscle fibres may become reinnervated by 
sprouts, from neighbouring motor neurons, producing a continuous 'remodelling' 
process of the post-polio motor units. 
Many researchers now agree that this ongoing denervating and re-reinnervating 
process stresses the motor neurons, which after a number of years appear to lose their 
ability to maintain the metabolic demands of all their sprouts. Consequently, there is 
slow deteriorafion of some nerve terminals. As axonal sprouts die, some muscle fibres 
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become permanently denervated and the poliomyelitis survivor experiences new 
weakness and other symptoms of neurological dysfuncfion (Dalakas, 1995c; Gawne and 
Halstead, 1995; Trojan and Cashman, 1997). This process is illustrated in Figure 2.3 
(part d). 
A number of electrophysiological and muscle biopsy studies have now provided 
evidence of neuromuscular transmission abnormalities and recent denervation in post-
polio subjects. This body of research will now be briefiy reviewed. 
Single fibre electromyography is a sensitive technique that can detect and 
measure neuromuscular junction abnormalities in various disorders (Jaweed and Monga, 
1997). The single-fibre EMG needle electrode is able to detect variations in the time 
intervals (jitter), between pairs of action potentials from two muscle fibres in the same 
motor unit. In normal muscle, the depolarizations of two muscle fibre potentials within 
the same motor unit run almost together. In acute denervation with ongoing 
reinnervafion. the jitter increases. This reflects the variability of impulse conduction due 
to immature synapses, which are not capable of supporting normal neuromuscular 
transmission. When reinnervation becomes complete, the jitter decreases (Dalakas 
1995c). 
In the presence of neuromuscular transmission impairment, nerve impulses fail 
to elicit muscle action potentials and single fibre EMG demonstrates intermittent 
impulse blocking. When reinnervation occurs via collateral sprouting the number of 
muscle fibres per motor unit increases. On single fibre EMG this is seen as increased 
fibre density. Thus, the single fibre EMG gives the ability to determine the size of motor 
unit and measure the extent of reinnervation. 
Single fibre studies on post-polio muscles have repeatedly shown abnormalities, 
including increased jitter and blocking and increased fibre density and motor unit 
territory (Ravits, Hallett, Baker, Nilsson, and Dalakas, 1990; Trojan, Gendron and 
Cashman, 1991; Dalakas et al 1986). These findings have been present in both the stable 
and the newly weakening muscles and have been interpreted as evidence for an ongoing 
process of denervation and reinnervation in post-polio motor units. 
New weakness in PPS can be explained on the basis of the reduced size of the 
motor unit when the reinnervation cannot keep pace with the ongoing denervation 
(Dalakas, 1995c). Trojan and Cashman (1997) hypothesised that if terminal axonal 
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degeneration is the cause of new weakness in PPS, it is likely that there is a period of 
terminal axonal dysfunction that may precede degeneration by months to years. They 
believe that muscle fatigue in PPS can be attributed to neuromuscular junction 
transmission defects. 
Repetitive stimulation studies have provided evidence for neuromuscular 
junction defects in subjects with previous poliomyelitis. Trojan, Gendron and 
Cashman, (1993a) performed single fibre EMG and measured jitter during both low and 
high frequency stimulation. This study demonstrated a decrement of the compound 
muscle action potential amplitude at high stimulation frequencies, but not at low 
stimulation frequencies in subjects with PPS. The PPS subjects who displayed this 
phenomenon had a significantly longer time since their acute poliomyelitis. The authors 
concluded that the neuromuscular juncfion defect in PPS subjects is probably due to 
ineffective conduction along immature nerve sprouts and exhaustion of acetylcholine 
stores, and that this may be an acquired defect following paralytic poliomyelitis. 
Terminal nerve fibres release acetylcholine into the neuromuscular junction, 
which then binds to acetylcholine receptors on muscle cells. This can then produce a 
muscle contraction. Normally, acetylcholine is rapidly broken down in the 
neuromuscular junction by the enzyme acetylcholinesterase. Post-polio individuals are 
known to have an increased sensitivity to non-depolarising relaxants such as D-
tubocurarine, pancuronium, and gallamine (Gyermek, 1990). This suggests that 
acetylcholine release may be suboptimal in motor units following paralytic 
poliomyelifis. Also, neuromuscular junction defects in PPS can be ameliorated with the 
anticholinesterase edrophonium (Trojan, Gendron and Cashman, 1993b). This provides 
further evidence for defective acetylcholine release as a cause for neuromuscular 
junction transmission defects in PPS. 
Muscle biopsy studies provide strong evidence for the peripheral disintegration 
hypothesis. A muscle fibre that has lost its innervation for a few weeks fime can display 
fibre atrophy and is termed an angular atrophic fibre on muscle biopsy. If the fibre 
remains denervated for months, it becomes a tiny 'nuclear bag.' Post-polio muscles on 
biopsy contain isolated angular atrophic fibres that were probably denervated a few 
weeks prior to the biopsy. In addition, many extremely atrophic nuclear bags are found, 
some of which may be present from the original illness (Dalakas, 1988). 
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If PPS were a motor neuron disease (such as amyotrophic lateral sclerosis), then it 
would be expected that the muscle fibres of entire motor units would become 
simultaneously denervated. Even though some group atrophy is found on post-polio 
muscle biopsies, the predominant finding is scattered fibre atrophy. The finding of 
isolated atrophic fibres suggests degeneration of terminal axons (Trojan and Cashman 
1997). 
In summary, electrophysiological abnormalities seen in post-polio individuals 
include: 
- Large polyphasic MUAPs on convenfional EMG, which reflect the increased size of 
motor units. 
- Increased jitter, blocking, and fibre density on single fibre EMG which reflect an 
ongoing process of denervation and reinnervation in post-polio motor units. 
- High-frequency stimulation accentuates the increased jitter, especially in those 
muscles with new weakness, reflective of defects in the neuromuscular junction. 
At this time, however, there is no single EMG finding that can distinguish stable 
muscles from muscles that are developing new weakness. The presence of isolated 
angular atrophic fibres on muscle biopsy provides further evidence of recent 
denervation in post-polio muscles. This body of evidence has led to a growing 
consensus among researchers that Post Polio Syndrome results from degenerative 
changes within motor units. However the triggering mechanism(s) for these changes 
is/are unknown. 
2.4.3 CAUSES OF MOTOR UNIT DEGENERATION IN THE POST POLIO 
SYNDROME 
There is now some agreement among researchers that new muscle weakness and 
fatigue in PPS result from degenerative changes within motor units. These degenerative 
changes include loss of distal axonal sprouts and neuronal deterioration. However the 
triggering mechanism(s) for these changes is/are not known. Several theories have 
emerged in recent years and will now be briefly explored. 
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Muscle Overuse 
A strongly supported theory to explain the onset of degenerative changes in 
motor units is overuse (Halstead, 1998a). The overuse theory assumes that the enlarged 
motor units supplying post-polio muscles cannot indefinitely maintain the increased 
metabolic activity needed and that the overused motor units eventually degenerate. The 
consequence is slowly increasing weakness and rapid fatiguability of muscles. 
Perry, Fontaine and Mulroy (1995) performed dynamic EMG studies during gait 
in post-polio subjects and found evidence of overuse in the biceps femoris, gluteus 
maximus and quadriceps muscles. These observations support the theory that weakness 
and fatigue in PPS results from long-term substitutions for muscular weakness that 
place increased demands on muscles. 
In addition, increased creatinine kinase (CK) levels have been found in 
symptomafic subjects after poliomyelitis, but not in equally weak asymptomatic 
subjects after poliomyelitis (Windebank et al, 1991). Waring and McLaurin (1992) 
found CK levels to be significantiy correlated with distance of ambulation in post-polio 
subjects, suggesting that exercise is the cause of elevated CK in this population. Since 
elevated CK levels can be a marker for muscle injury, the increased CK levels may 
indicate muscle injury or overuse in post-polio individuals. Trojan et al (1994) found 
that muscle pain (especially that associated with exercise), joint pain, and a recent 
weight gain were associated with PPS. All of these factors can be markers of overuse, 
providing further evidence for the theory that overuse is a contributing factor to PPS. 
Finally, support for this theory comes from numerous clinical studies that have 
shown a correlafion between the presence of PPS and a history of severe initial paralysis 
with a relatively good recovery of useful strength and function (Halstead and Rossi, 
1987; Klingman et al 1988; Trojan et al 1994). 
Normal Ageing 
The normal ageing process is known to involve a gradual loss of motor neurons, 
but this becomes prominent only after 60 years of age (Tomlinson and Irving, 1977). 
Surveys of the Late Effects of Poliomyelifis have failed to show a consistent correlation 
between the onset of new weakness and chronological age. The most consistent variable 
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is the length of the interval between onset of poliomyelitis and the appearance of new 
symptoms. Most subjects develop new weakness 30 to 40 years after their initial 
infection, and the age of onset of symptoms is variable (Gawne and Halstead, 1995). 
The superimposition of the normal ageing process on the already limited number of 
motor neurons present after paralytic poliomyelitis may contribute to the development 
of PPS (Trojan and Cashman, 1997). The current consensus is that while chronological 
age may contribute to the development of new weakness, it is probably not the primary 
causative factor (Gawne and Halstead, 1995; Dalakas, 1995c; Trojan and Cashman, 
1997). 
Muscle Disuse 
It is well known that disuse produces both deconditioning and muscle weakness 
in normal individuals (Muller. 1970). Post-polio subjects have been noted to have short-
term increased weakness after a period of decreased activity that is secondary to illness 
or injury (Agre, Rodriquez and Tafel, 1991). The role of muscle disuse in the 
development of long-term weakness, however, is less clear (Gawne and Halstead, 
1995). 
Other Contributing Factors 
Other theories presented to explain the triggering mechanisms for motor unit 
degeneration include: 
premature ageing changes of motor units that were damaged but did not die from 
the original poliovirus infection (Tomlinson and Irving, 1985). 
an immunological abnormality that may be triggered by re-exposure to live 
poliovirus or by reactivity of persistent poliovirus fragments in the spinal cord 
(Dalakas et al 1986; Sharief, Hentages and Ciaidi, 1991). 
- a deficiency in growth hormone that precipitates age-related degenerative changes 
(Shetty, Gupta, Agre, Rudman and Rudman. 1995). 
While none of these theories have been completely excluded, there is not enough 
evidence to strongly support any of them at present (Halstead, 1998a). 
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New weakness in PPS has stimulated more research than any of the other 
symptoms. This research has led to a greater understanding of the mechanism of 
increased weakness. Much less is known about the causes of the other symptoms of 
PPS. Fatigue, another commonly reported symptom, is not well understood. Fatigue can 
be either general (central) or muscular (peripheral). Muscle fatigue is defined as 
increased muscle weakness with exertion, which improves with rest. At this stage it is 
considered that peripheral fatigue is probably caused by neuromuscular junction 
transmission defects and motor unit degeneration (i.e. the same mechanisms as new 
weakness). General fatigue is characterised by rapid onset of extreme tiredness, 
generalised headache, general malaise and decreased concentration. Proposed 
aetiologies for central fatigue include chronic pain, respiratory dysfunction, type-A 
behaviour, sleep disorders, dysfuncfion of the reticular activating system and reduced 
dopamine secretion (Trojan and Cashman, 1997 and Halstead, 1998a). 
The Combined Effects of Overuse, Disuse, Pain and Weight Gain 
Gawne and Halstead (1995) discussed the way a number of factors may interact 
with each other and contribute to the development of progressive weakness and fatigue. 
Figure 2.4 is a schematic model of the possible aetiological factors for PPS and their 
interactions. 
Chronic overuse of muscles may result in the development of new weakness. 
Weakness may lead to disuse. Musculoskeletal disuse leads to further weakness, 
atrophy, contractures, diminished endurance and weight gain. In the presence of 
overuse, musculoskeletal pain may occur, causing the individual to either rest, resulting 
in deconditioning, or compensate with improper body mechanics, leading to further 
overuse, and possibly pain elsewhere (Gawne and Halstead, 1995). This complex 
clinical picture presents a challenge to those attempting to diagnose and manage people 
with the Late Effects of Poliomyelitis. 
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Figure 2.4: Schematic model showing possible etiological factors for the Late 
Effects of Poliomyelitis and their interactions. 
Adapted from Gawne and Halstead, 1995. 
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2.5 DIAGNOSIS AND MANAGEMENT OF THE LATE EFFECTS 
OF POLIOMYELITIS: THE ROLE OF SPECIALIST POST 
POLIO CLINICS 
The differential diagnosis and management of new health problems in survivors 
of paralytic poliomyelitis presents many challenges to health professionals. This section 
will briefly review current practice in evaluation, differential diagnosis and management 
of Post Polio Syndrome. The role of specialist Post Polio Clinics, emerging as the 
preferred model of care for this condition, will also be discussed. This will lead into a 
review of specialist services, for poliomyelitis survivors, currently being provided in 
Australia. 
2.5.1 ASSESSMENT AND DIFFERENTIAL DIAGNOSIS 
As discussed in section 2.2, diagnostic criteria for PPS have not yet been widely 
agreed upon. There is no specific diagnostic test, which can distinguish symptomatic 
from asymptomatic survivors of past paralytic poliomyelitis. Despite the growing body 
of evidence suggesting motor unit deterioration as the cause of new weakness, there is 
still no objective method to predict who might develop PPS in the future or to monitor 
the progression of the underlying pathology in those who are already becoming weaker. 
Specifically, no serologic, enzymatic, electrodiagnostic or muscle biopsy test can 
diagnose PPS. At this stage, the diagnosis of PPS is one of exclusion, and is clinically 
based. A detailed clinical examination must be relied on to distinguish between those 
individuals who have no new weakness (clinically stable) and those who are 
experiencing new weakness (clinically unstable) (Halstead, 1998c and Trojan and 
Cashman 1997). 
One of the challenges facing health professionals attempting to evaluate and 
manage post-polio individuals with new health problems is the general nature of many 
of the symptoms (Halstead, 1998c). The differenfial diagnosis of PPS is complex, as 
there are many conditions that can cause the primary symptoms of fafigue, weakness 
and pain. Table 2.6 lists a number of conditions which must be considered in the 
differential diagnosis of PPS. 
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Table 2.6: Conditions to be included in the differential diagnosis of PPS. Compiled 
from Thorsteinsson, 1997 and Trojan and Cashman, 1997. 
Multiple sclerosis 
Myasthenia gravis 
Parkinson's disease 
Peripheral neuropathy 
Radiculopathy 
Spinal cord tumour 
Spinal stenosis 
Adult spinal muscular atrophy 
Amyotrophic lateral sclerosis 
Cauda equina syndrome 
Cervical spondylosis 
Chronic inflammatory demyelinating 
polyneuropathy 
Diabetic amyotrophy 
Entrapment neuropathy 
Heavy metal toxicity 
Inflammatory myopathy 
Multifocal motor conduction block 
Medication side effects 
Fibromyalgia 
Osteoarthritis 
Tendonitis 
Bursitis 
Degenerative disc disease 
Scoliosis 
Ligamentous strain 
Failing joint fusions 
Respiratory dysfunction 
Sleep apnoea 
Depression 
Haematological abnormalities (e.g. 
Anaemia) 
Endocrinological abnormalities (e.g. 
Hypothyroidism) 
Cardiac dysfunction 
Cancer 
Chronic systemic infections 
Rheumatological disorders 
Halstead (1998c) states that a comprehensive, co-ordinated assessment is 
required because of the number, diversity, and complexity of the problems presented by 
many post-polio individuals. Gawne and Halstead (1995) suggest that the best way to 
provide an assessment that considers the medical, functional, psychosocial and 
vocational issues of this population, is to use a multidisciplinary rehabilitation team 
based in a Post Polio Clinic. 
The approach to evaluation of post-polio individuals used at the Post Polio 
Clinic at the National Rehabilitation Hospital (NRH) in Washington D.C. has been well 
described (Gawne and Halstead, 1995 and Halstead, 1998c). The core team of the NRH 
Post Polio Clinic includes a physician, physiotherapist, occupational therapist, 
rehabilitation nurse and social worker. A typical evaluation in the NRH Post Polio 
Clinic extends over two days, with all assessments and diagnostic tests performed in one 
location, rather than having the patient come for a series of single service outpatient 
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evaluations. 
The patient is seen initially by a rehabilitation nurse, who makes a brief 
assessment of past and current health status, clarifies the patient's goals for the clinic 
visit, co-ordinates the evaluations by the team members, schedules diagnostic tests and 
assists with patient and family education. The physician conducts a medical evaluation 
consisting of a comprehensive history and physical examination. The physician also 
determines the need for X-ray, laboratory and electrodiagnostic studies to exclude other 
medical, orthopaedic or neurological conditions that might be causing or aggravating 
the symptoms. The physician initiates referrals to other health professionals as required. 
Referrals may be made to an orthotist, dietician, vocational counsellor, speech 
pathologist or psychologist, as well as to other medical and/or surgical specialists if 
needed. 
The physiotherapist's evaluation includes a baseline manual test of major muscle 
groups, measurement of joint range of motion and leg length, and an evaluation of 
habitual postures during standing, sitting, lying down and walking. It also includes an 
analysis of activities and positions that provoke or relieve muscle and joint pains. The 
occupational therapist's assessment includes an evaluation of activities that produce 
pain, weakness, or fatigue and how these problems interfere with the person's activities 
of daily living (ADL). Attention is paid to the frequency and intensity of activities in the 
home, at work, in the community and during travel, and to the use or need for adaptive 
aids. The social worker evaluates how new health problems and functional loss impact 
on the patient and their family, friends and colleagues. The social worker attempts to 
identify coping strategies used by the individual and assess the emotional impact of the 
original poliomyelitis experience and relate it to current feelings of having a second 
disability. The social worker also facilitates referrals and access to community resources 
and services, including the local post-polio support group. 
The evaluation is completed by a team conference with the patient and his/her 
family. This conference is used to review the results of diagnostic tests and discuss 
recommendations for intervention. Clients are followed-up six to eight weeks later to 
evaluate the effectiveness of the interventions and make any modifications or additional 
suggestions for management. Thereafter, clients are seen as needed and at annual 
intervals. 
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2.5.2 MANAGEMENT 
Several reviews of current management of PPS have been published 
(Thorsteinsson, 1997; Halstead, 1998c and Trojan and Finch, 1997). These authors 
agree that many individuals with PPS can benefit from a mulfidisciplinary, 
individualised management program. The program should begin with the identification 
and treatment of all medical, neurological and orthopaedic disorders mimicking the 
symptoms of PPS. A management program can then be developed to address each of the 
person's specific symptoms. Table 2.7 summarises the current approach to management 
of PPS described in the literature. The therapeutic recommendations contained in the 
review articles are based mainly on the clinical experience of the authors. However, a 
number of research studies are beginning to emerge, mainly regarding the efficacy of 
strengthening exercises for post-polio muscles (Grimby and Stalberg, 1995; Borg and 
Edstrom, 1995; Fillyaw, Badger and Goodwin, 1991; Einarsson and Grimby, 1987; 
Einarsson, 1991 and Agre, Rodriquez and Franke, 1997) and drug trials for the 
management of post-polio fatigue (Trojan and Cashman, 1995). 
Physiotherapists have an important role in the management of people with the 
Late Effects of Poliomyelitis. Physiotherapy management may include postural 
correction, prescription of assistive devices such as braces and ambulation aids, pain 
management, energy conservation, education and exercise prescription. Exercise may be 
prescribed to improve cardiovascular fitness, increase or maintain muscle strength 
and/or increase muscle length and joint range of motion (Uriadka, 1997). 
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Table 2.7: Management of Post Polio Syndrome. Compiled from Thorsteinsson, 
1997; Halstead, 1998c and Trojan and Finch, 1997. 
Identirication and treatment of all coexisting medical, neurological and orthopaedic 
disorders 
Management of weakness 
Strengthening exercise (isometric, isotonic, isokinetic) 
Aerobic exercise 
Stretching exercises to decrease or prevent contractures 
Avoidance of muscular overuse 
Weight loss 
Orthoses and assistive devices 
Management of fatigue 
Energy conservation techniques 
Lifestyle changes 
Pacing (rest periods during activity) 
Medications being trialed for fatigue include pyridostigmine, amitriptyline, selegiline 
and bromocriptine 
Management of pain 
Post-polio muscular pain 
Activity reduction 
Pacing (rest periods during activity) 
Moist heat, ice and stretching 
Orthoses and assistive devices 
Lifestyle modifications 
Joint and soft tissue abnormalities 
Minimise overuse 
Electrotherapy 
Postural correction 
Strengthening and stretching 
Orthoses 
Assistive devices 
Biofeedback and muscle relaxation 
Non-steroidal anti-inflammatory medications 
Steroid injections 
Surgery 
Management of Respiratory Dysfunction 
Preventive measures (pneumococcal vaccine, influenza vaccine) 
Ventilatory assistance 
Identification and treatment of sleep disordered breathing 
Training in glossopharyngeal breathing, assisted coughing 
Stretching of tight accessory respiratory muscles and muscle relaxation 
Postural correction 
Aerobic exercise 
Management of scoliosis 
Weight loss 
Management of Dysphagia 
Referral for evaluation of swallowing 
Restricted diet 
Education in appropriate food preparation 
Training in the use of swallowing techniques 
Monitoring fatigue and avoiding eating when fatigue 
Management of Cold Intolerance 
Multiple layers of clothing 
Massage 
Management of psychosocial difficulties 
Post-polio support group 
Evaluation and treatment by social workers, psychologists and psychiatrists 
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2.5.3 SPECIALIST SERVICES FOR POLIOMYELITIS SURVIVORS IN 
AUSTRALIA 
Multidisciplinary Post Polio Clinics have now been established in most states in 
the USA and in many parts of Europe. Specialist services for poliomyelitis survivors in 
Australia are much more limited. Post Polio Clinics have been established in Victoria, 
South Australia and Western Australia but there have been no specialist services for 
poliomyelitis survivors in Queensland. 
Post Polio Support Queensland (a part of The Paraplegic and Quadriplegic 
Association) maintains a membership database and in 1999 there were 735 members 
who state they have had poliomyelitis in the past. However, it is unknown exactly how 
many current Queensland residents have previously suffered poliomyelitis. 
Little is known about the frequency or exact nature of the difficulties 
experienced by poliomyelitis survivors in Queensland. The study by Westbrook (1991) 
is the only published Australian survey describing the occurrence of the late effects of 
poliomyelitis and the impact of new symptoms on people's lives. There were only 23 
Queensland residents included in Westbrook's sample of poliomyelitis survivors. 
In 1994, Post Polio Support Queensland conducted a survey, which focused on 
the medical, and community support needs of people, with a history of poliomyelitis, in 
Queensland. Members expressed concerns that health professionals appeared to have 
inadequate knowledge of the Late Effects of Poliomyelitis. Following the survey, a 
report was submitted to the Queensland Department of Health with recommendations 
that a specialised Post Polio Clinic be established in Queensland (Post Polio Support 
Queensland, 1995). A six-month pilot outpafient clinic devoted to the special needs and 
problems of people with a history of paralytic poliomyelitis was opened at the Queen 
Elizabeth II Jubilee Hospital, Brisbane, in November 1998. 
The development of future specialist services for poliomyelitis survivors in 
Queensland depends on knowledge of the demographics of the Queensland post-polio 
populafion and the type, frequency, severity and impact of post-polio symptoms. The 
current study was conducted, in conjunction with the trial Post Polio Clinic, to clarify 
the nature and extent of new health problems being reported by Queensland residents 
with a history of poliomyelitis. 
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CHAPTER 3 
THE STUDY 
This study was designed to clarify the nature and extent of the new health 
problems being reported by persons, residing in Queensland, with a prior history of 
poliomyelitis. The purpose of the study was to gain information that would guide the 
development of specialist health services for post-polio individuals in Queensland. The 
following objectives were set for the study: 
1. To obtain demographic details of a cohort of the post-polio population in 
Queensland, who registered with the trial Post Polio Clinic at Queen Elizabeth II 
Jubilee Hospital during 1999. 
2. To define the types of problems that this clinic-based cohort of poliomyelitis 
survivors are experiencing. 
3. To examine the frequency and severity of post-polio symptoms experienced by this 
cohort. 
4. To examine the impact of post-polio symptoms on acfivifies of daily living, lifestyle 
and employment in this group. 
5. To examine factors associated with the development of post polio symptoms in this 
cohort, to determine the risk indicators for late onset polio symptoms. 
In 1998, the Queensland Health Rehabilitafion Services Advisory Panel 
recommended that a trial Post Polio Clinic be established in Queensland. The trial Post 
Polio Clinic was based in the Day Therapy Unit, Queen Elizabeth II Jubilee Hospital 
and was launched on 1/11/98. The trial Post Polio Clinic provided specialist multi-
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disciplinary assessment to clients who identified new health problems consistent with 
the late effects of poliomyelitis. The trial Post Polio Clinic was operated for a 6-month 
period and was closed in June 1998. A waiting list was maintained for the clinic, 
commencing in November 1998 and clients could continue to register beyond the 
closing date for the trial clinic. 
3.1 SUBJECTS 
The study group comprised Queensland residents, with a past history of 
poliomyelitis, who made contact with the Post Polio Clinic at Queen Elizabeth II Jubilee 
Hospital during 1999. 
All volunteers, who made telephone or written contact with the Post Polio 
Clinic, before 31^' December 1999, were considered for inclusion. There was no 
specified age range and both males and females were considered. A minimum number 
of 100 subjects were sought. 
3.1.1 INCLUSION CRITERIA 
Clients making contact with the Post Polio Clinic were included as subjects if 
they were current residents of Queensland and had a history of paralytic poliomyelitis. 
Potential clients of the trial Post Polio Clinic were required to submit a referral from 
their General Practitioner. The client's past medical history, including history of 
paralytic poliomyelitis, was determined from the referral. 
3.1.2 EXCLUSION CRITERIA 
Post Polio Clinic clients were excluded from the study group if they contracted 
poliomyelitis outside Australia. Any person with a history of a diagnosed neurological 
disorder eg stroke, multiple sclerosis, traumafic brain injury, was also excluded. This 
information was gained from a self-administered questionnaire. 
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3.1.3 METHOD OF RECRUITMENT 
Queensland residents were made aware of the trial Post Polio Clinic via a 
Queensland Health media release and an advertisement in the Paraplegic and 
Quadriplegic Association of Queensland newsletter. These advertisements contained 
details on how to make telephone or written contact with the trial Post Polio Clinic. 
When a person made telephone or written contact with the trial Post Polio Clinic, their 
name, address, telephone number and date of birth were recorded. All persons who 
registered an interest in the trial Post Polio Clinic before 31^' December 1999 were 
considered for inclusion as subjects in the present study. 
3.2 MEASUREMENT INSTRUMENT 
The measurement instrument employed for this study was a self-administered 
questionnaire. This section will describe the process undertaken during the construction 
of the measurement instrument used in the present study: "The Post Polio Clinic 
Questiormaire" (Appendix 1). 
3.2.1 QUESTIONNAIRE PILOT 
During 1998, as the model of service for the trial Post Polio Clinic was being 
developed, a screening questionnaire (Appendix 2) was designed. The screening 
questionnaire examined the following: 
- Poliomyelitis history (the year of onset, age at onset, hospitalisation, severity 
and location of paralysis). 
- Current health status and the type of new health problems, if any. 
The severity of previous and current disability. 
Requirement for physical assistance or assistive devices. 
- Impact of post polio symptoms on lifestyle and employment. 
- Previous utilisation of health services. 
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It was decided that the screening questionnaire would be sent to all prospective 
clients prior to their first \isit to the clinic. The questionnaire was used as a screening 
tool to determine the client's priority for assessment. Criteria were established for 
assessing priorit\ for a clinic appointment, from information contained in the 
questionnaire (Appendix 3). Only cases categorised as very high priority were targeted 
for assessment during the clinic trial period. 
The Post Polio Clinic began to take client enquiries in November 1998. Clients 
making telephone or written contact with the clinic, during the trial period, were mailed 
an information letter regarding the Post Polio Clinic (Appendix 4). Clients were 
requested to obtain a referral from their General Practitioner and were asked to 
complete and return the screening questionnaire. 
The initial questionnaire was designed purely as a screening tool and not with 
the aims of the present stud\ in mind. When the proposal for the present stud\ was 
de\eloped. it was decided that the first 20 returned screening questionnaires would be 
used as a pilot for the main study. These 20 respondents were not included as subjects in 
the main stud> group. Examination of the first 20 returned screening questionnaires 
revealed se\eral shortfalls in the tool. 
The next section will describe how the screening questionnaire was modified for 
use in the main studN. 
3.2.2 REDRAFTING THE POST POLIO CLINIC QUESTIONNAIRE 
The questionnaire pilot indicated that the screening questionnaire needed 
significant modification before it could be administered to subjects admitted to the main 
study. The principles of questionnaire design, as described by Polgar and Thomas 
(1995) and Abramson (1984). were applied during the reconstrucfion of the screening 
questionnaire. 
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Variables under investigation 
In modifying the Post Polio Clinic Questionnaire, the variables it was being 
designed to measure were first identified. The variables were selected on the basis of 
their rele\ance to the objeclixes of the investigation. Next, an operational definition was 
formulated for each variable. This cleaii\ defined each variable in terms of objective!) 
measurable facts. The measurement scales to be used in data collection were then 
chosen. Abramson (1984) lists seven criteria, which must be met, to ensure a scale of 
measurement is satisfactory. A satisfactory scale has the following characteristics: 
1. 
2. 
4. 
5. 
6, 
7. 
Comprehensi\c 
Mutualh exclusive 
Appropriate 
Practicable 
Sufficienth powerful 
Clearly defined categories 
Sufficient categories 
These criteria were applied to the measurement scales chosen for the present stud\ to 
ensure that they would be satisfactory. In this section, the variables under inxestigation 
will be discussed in relation to the objectives set for the present study. 
The first objective of the present study was to obtain demographic details of a 
cohort of the post-polio population in Queensland, who registered with the trial Post 
Polio Clinic at Queen Elizabeth 11 Jubilee Hospital during 1999. The demographic 
variables under investigation included age, gender, place of residence, marital status, 
number of children and employment status. Table 3.1 lists the demographic variables 
and includes the operational definition and measurement scale used for each. 
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Table 3.1: Demographic variables - operational definitions and measurement 
scales used for each variable. 
VARIABLE DEFINITION MEASUREMENT SCALE 
Age 
Gender 
Place of 
residence 
Number of 
children 
Employment 
status 
The subject's age at the time of 
completing the survey, calculated 
from their date of birth and the date 
the completed survey was received. 
The subject's gender. 
The health ser\ ice district in which 
the subject resides determined from 
their postcode. 
Marital status The subject's marital status. 
The subject's employment status. 
] . '4 ( ) 
2. 40 -49 
3. 50-59 
4. 60-69 
5. > 70 
6. No information 
1. Male 
2. Female 
3. No information 
List of the 39 Queensland 
Health Service Districts 
1. Married / permanent 
relationship 
2. Single 
3. Separated / divorced 
4. Widowed 
5. No information 
How manv children the subject has. Number 
1. Paid emplo\ment full-time 
2. Paid employment part-time 
3. Unpaid employment 
(volunteer: home duties) 
4. Stud\ 
5. Retired 
6. No information 
The second objective of the present study was to define the types of problems 
that a clinic-based cohort of poliomyelifis survivors is experiencing. Related closely to 
this objective, was the third objective, which examined the frequency and sexerity of 
post-polio symptoms. Table 3.2 lists the variables relating to these objectives, the 
operational definitions of the variables and the measurement scales associated with 
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each. 
Fifteen post-polio symptoms, which are frequently reported in the literature, 
were investigated in this study. To enable direct comparison, the 15 post-polio 
symptoms were the same as that those studied by Westbrook (1991) in the only 
published Australian sur\e\ of the Late Effects of Poliomyelitis. Both the presence and 
duration of symptoms were investigated. In the case of muscle weakness and muscle 
pain, the t\pe of muscle in which these symptoms occurred was also examined. 
Another \ariable commonK reported in the literature is the polio/post-polio 
latenc) period. The latenc\ period was calculated by measuring the year of onset of the 
acute infection and the >ear that the first post-polio symptom was noticed. The severity 
of post-polio SN'mptoms was measured using the Post-Polio Index, which is a four-point 
index of the severity of post-polio symptoms developed by Lonnberg (1993) (Table 
3.2). The extent of new muscle weakness was measured by comparing the number of 
body parts with reported weakness during the maximal recovery period, with the 
number of bod\ parts in which weakness is present currently. Maximal recovery was 
described as the period when the subject was at their best ever level of strength and 
function. 
The fourth objective of the study was to examine the impact of post-polio 
symptoms on activities of daily living, lifestyle and employment. Definitions of 
variables and measurement scales related to this objective are listed in Table 3.3. The 
first variable investigated was the level of assistance required with 11 Activities of 
Daily Living (ADLs) during the maximal recovery period. The level of assistance was 
measured using a six-point scale (Table 3.3). The same six-point scale was applied to 
measure the current level of assistance required with the 11 ADLs. The use of 
ambulatory assistive devices, wheelchairs and respiratory assistive devices during the 
maximal recovery period and currently were also investigated. Lifestyle and 
employment changes made to accommodate for post-polio symptoms were also 
examined. 
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Table 3.2: Variables related to the presence, frequency and severitv of post-polio 
sv mptoms. Operational definitions and measurement scales used for each 
variable. 
VARIABLE DEFINITION MEASUREMENT 
SCALE 
New muscle 
weakness 
Presence of new muscle weakness 
since the maximal recovery period. 
1. ves 
2. no 
3. no information 
Tvpe of muscle 
new weakness is 
present in 
The type of muscle the new weakness 
is present in. 
Type of muscle: 
1. muscles affected 
during acute polio 
infection 
2. muscles not affected 
during acute polio 
infection 
3. both of the above 
types of muscle 
4. no information 
Duration of new 
muscle weakness 
The number of years new muscle 
weakness has been present. 
1. Less than 1 year 
2. 1-2 years 
3. 3-5 years 
4. 6-10 years 
5. 11-15 years 
6. More than 15 v ears 
7. No infonnation 
New muscle pain The presence of new muscle pain 
since the maximal recovery period. 
1. yes 
2. no 
3. no information 
Type of muscle 
new pain is present 
in 
The type of muscle the new pain is 
present in. 
Tvpe of muscle: 
1. muscles affected 
during acute polio 
infection 
2. muscles not affected 
during acute polio 
infection 
both of the above 
tvpes of muscle 
no information 
j» . 
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Table 3.2: ...Continued 
VARIABLE 
Duration of new 
DEFINITION 
1ie number of years new muscle 
muscle pain pain has been present. 
Presence of other Presence of the following post polio 
post polio ^ 
symptoms « 
Duration of post 
polio symptoms t 
I 
Year post-polio 
symptoms first ] 
noticed 
Polio/post-polio 
latency period i 
Amptoms: 
» muscle twitching 
» muscle cramps 
» muscle atrophy 
» joint pain 
• unusual tiredness 
» breathing problems 
• cold sensitivity 
» headaches 
• sleep changes 
» walking changes 
» increased falls 
» swallowing difficulty 
» voice changes 
^ength of time, in years or months 
hat post polio symptoms have been 
3resent. 
Fhe year that the subject first noticed 
30st-polio symptoms. 
Fhe time, in years, between acute 
nfecfion and onset of post-polio 
MEASUREMENT 
SCALE 
1 
2 
4 
5 
6 
7 
Less than 1 vear 
1 -2 years 
3-5 years 
6-10 years 
11-15 years 
More than 15 years 
No information 
Symptom present: 
1. yes 
2. no 
3. no information 
Years or months 
Calender vear 
Number of V ears 
symptoms. Based on year of onset of 
the acute infection and the year that 
the first post-polio symptom was 
noticed. 
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Table 3.2: .Continued 
VARIABLE DEFINITION MEASUREMENT 
SCALE 
Post-Polio Index 
Bodv parts 
affected during 
the maximal 
recovery period 
Fhe subject's rating on the post-polio 
index. 
This is a 4-point index of the severitv of 
post-polio symptoms developed bv 
Lonnberg (1993). It is based on the 
following definitions: 
Limited weakness: weakness in previously 
affected muscles or previously not affected 
muscles, but not both kinds of weakness. 
W idespread weakness: weakness in 
previously affected and previously not 
affected muscles. 
Phv sical dysfunction: problems with at 
least one of the following: walking, 
climbing stairs, dressing, maintaining 
personal hygiene, eating and swallowing. 
Presence of weakness or paralysis, in the 
follow ing body parts, during the maximal 
recovery period: 
Head, neck, face; Chest; Back; Abdomen; 
(L) buttock; (R) buttock; (L) shoulder; (L) 
arm; (L) hand; 
(R) shoulder; (R) arm; (R) hand; 
(L) thigh; (L) lower leg; (L) foot; 
(R) thigh; (R)lower leg; (R) foot. 
1. No new weakness 
of muscles and no 
new physical 
dysfunction. 
2. Widespread or 
limited new 
weakness or new 
physical 
dysfunction. 
3. Limited new 
weakness and new 
phv sical 
dysfuncfion. 
4. Widespread new 
weakness and 
physical 
dvsfunction. 
1. Yes 
2. No 
3. Don't know / 
cannot remember 
4. No information 
Parts of the 
body affected 
currently 
Presence of weakness or paralysis, in the 
following body parts, currently: 
Head. neck, face; Chest; Back; Abdomen; 
(L) buttock; (R) buttock; (L) shoulder; (L) 
arm; (L) hand; 
(R) shoulder; (R) arm; (R) hand; 
(L) thigh; (L) lower leg; (L) foot; 
(R) thigh; (R)lower leg; (R) foot. 
1. yes 
2. no 
no information 
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Table 3.3: Variables related to the impact of post-polio sv mptoms. Operational 
detlnitions and measurement scales used for each variable. 
VARIABLE DEFINITION MEASUREMENT 
SCALE 
Level of assistance 
required with 
Activities of Daily 
Living at maximal 
recoverv 
Current lev el of 
assistance required 
with Activ ities of 
Dail) Living 
Level of assistance required with the 
following activities of daily living 
during the maximal recoverv period: 
getting dressed 
getting in or out of bed 
feeding yourself 
taking a bath or shower 
using the toilet 
walking on level surfaces 
climbing stairs 
driving a car 
using public transport 
light household tasks eg food 
preparation 
heavy household tasks eg 
vacuuming 
Current level of assistance required 
with the following acfivities of daily 
living: 
getting dressed 
getting in or out of bed 
feeding yourself 
taking a bath or shower 
using the toilet 
walking on level surfaces 
climbing stairs 
driving a car 
using public transport 
light household tasks eg food 
preparation 
heavy household tasks eg 
vacuuming 
Level of assistance 
required: 
1. Independent 
2. Independent with the 
use of an assistive 
device or aid 
3. Need light assistance 
(one helper only) 
4. Need maximum 
assistance (one to two 
helpers) 
5. Impossible 
6. No information 
Level of assistance 
required: 
1. 
9 
J . 
6. 
Independent 
Independent with the 
use of an assistive 
device or aid 
Need light assistance 
(one helper only) 
Need maximum 
assistance (one to 
two helpers) 
Impossible 
No information 
Table 3.3: ...Continued 
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VARIABLE 
Use of ambulatory 
assistive dev ices at 
maximal recoverv 
Current use of 
ambulatory 
assistiv e devices 
Wheelchair use at 
maximal recoverv 
Current 
wheelchair use 
Use of a respirator} 
assistive device at 
maximal recovery 
Current use of a 
respiratory 
assistive device 
Lifestyle changes 
Employment 
changes 
DEFINITION 
Tvpe of ambulatory assistive 
dev icc(s) used during maximal 
recov erv period. 
Tvpe of ambulatory assistive 
dev ice(s) used currently. 
Tvpe of wheelchair used during 
maximal recovery period. 
Type of wheelchair used currently. 
Whether a respiratory assistiv e 
device was used during maximal 
recovery period. 
Whether a respiratory assistive 
device is used currently. 
Whether the subject has made 
lifestyle changes to accommodate for 
post-polio symptoms. 
Whether the subject has made 
changes to their employment to cope 
with post-polio symptoms. 
MEASUREMENT 
SCALE 
Type of device: 
l.nil 
2. walking stick 
3. crutches 
4. calliper 
5. surgical shoes 
6. other 
7. no information 
Type of device: 
l.nil 
2. walking stick 
3. crutches 
4. calliper 
5. surgical shoes 
6. other 
7. no information 
Type of wheelchair: 
l.nil 
2. manual 
3. powered 
4. no information 
Type of wheelchair: 
l.nil 
2. manual 
3. powered 
4. no information 
1. yes 
2. no 
3. no informafion 
1. yes 
2. no 
3. no information 
1. yes 
2. no 
3. no information 
1. yes 
2. no 
3. not applicable as not 
employed 
4. no information 
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To determine the risk indicators for late onset polio symptoms, the final 
objective of this stud>, the factors associated with the development of post-polio 
symptoms were examined. Table 3.4 lists the variables under investigation and the 
operational definition and measurement scale used for each. The list of potential risk 
factors was drawn from the literature and includes age at the onset of acute 
poliomyelitis infection, vear of onset, acute diagnosis, weight changes and factors 
related to the severity of the acute poliomyelitis illness (length of hospitalisation, need 
for respiratorv support and extent of paralysis). The extent of paralytic involvement 
during the acute illness was measured using a six-point index developed by Klingman et 
al (1988). The Klingman Index was calculated from the number of body parts weakened 
or paralysed during the acute period. Westbrook (1991) had previously used the 
Klingman Index, in an Australian post-polio survey, as a measure of acute clinical 
severity. 
Wording and design of questions 
Suitable questions can be formulated, once the variables to be measured are 
listed and defined and the appropriate measurement scales are identified. When 
designing the questions for the Post Polio Clinic Questionnaire care was taken to ensure 
that they had face validitv. Abramson (1984) states that the main requirement of a 
question is that it should have face validity as a measure of the variable the investigator 
wants to measure. 
Consideration was given to the two general types of questions: open-ended (or 
free response) questions, which the subject answers in his/her own words or closed (or 
fixed alternative) questions, which are answered by choosing from a number of fixed 
alternatives (Abramson, 1984). While open-ended questions may elicit more detailed 
information, they often lead to difficulties. Open-ended questions tend to take longer to 
answer and responses to open-ended questions may be very difficult to encode for data 
analysis and tend to give rise to nominal scales (Polgar and Thomas 1995). Closed 
questions are preferable for most purposes (Abramson. 1984). Where possible closed 
(or fixed alternative) questions were used in the revised Post Polio Clinic Questionnaire. 
The ranges of responses were equivalent to the scales of measurement as previously 
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Table 3.4: Variables related to potential risk indicators. Operational definitions and 
measurement scales used for each variable. 
VARIABLE DEFINITION MEASUREMENT 
SCALE 
Age at onset 
Year of onset 
Length of 
hospitalisation 
Body parts 
affected during 
acute 
poliomvelitis 
infection 
Acute diagnosis 
The subject's age in years at the onset 
of acute poliomyelitis infection. 
The vear of onset of the acute 
poliomvelitis infection. 
The length of time the subject was 
hospitalised. 
The presence of weakness or paralysis, 
in the following body parts, during the 
acute poliomyelitis infection: 
Head. neck, face; Chest; Back; 
Abdomen; (L) buttock; (R) buttock; 
(L) shoulder; (L) arm; (L) hand; 
(R) shoulder; (R) arm; (R) hand; 
(L) thigh; (L) lower leg; (L) foot; 
(R) thigh; (R)lower leg; (R) foot. 
The type of paralytic poliomyelitis Diagnostic categorv: 
experienced by the subject based on 1. Spinal paralv tic 
their report of the body parts weakened 2. Bulbar paralytic 
or paralysed during the acute infection. 3. Bulbospinal parafvtic 
4. Unknown 
1. 0-4 years 
2. 5-9 
3. 10-14 
4. 15-19 
5.>2() 
6. No information 
Calendar year 
Years and months (scale 
to be developed later) 
1. Yes 
2. No 
3. Don't know / cannot 
remember 
4. No information 
Acute clinical 
severity 
Respiratory 
support 
Weight changes 
The severity of the acute poliomyelitis 
infection based on the extent of 
paralytic involvement. This will be 
calculated from the number of bod> 
parts weakened or paralysed during the 
acute period. 
Whether the subject required 
respiratory assistance during the acute 
poliomyelitis episode. 
A significant recent increase in weight 
reported by the subject. 
6 point index of initial 
severity of polio. 
One point assigned for 
each limb involved, one 
for back and one for chest 
involvement. 
(Klingman et al 1988) 
1. Yes 
2. No 
3. No information 
1. yes 
2. no 
J . no information 
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described and the categories were comprehensive and mutually exclusive. 
The wording of questions is critical to obtaining valid and reliable responses. 
Polgar and Thomas (1995) identified several pitfalls to avoid when writing questions. 
During the rewriting of the Post Polio Clinic Questionnaire, questions that were double-
barrelled, ambiguous, conditional or leading were avoided. Care was taken to avoid 
jargon and tailor the level of wording to the intended respondents. 
Questionnaire Structure 
In the next stage of questionnaire design, after the questions were written, the 
sequence of the questions was determined. The questionnaire structure described by 
Polgar and Thomas (1995) was adopted when redesigning the Post Polio Clinic 
Questionnaire. 
Polgar and Thomas (1995) recommend that the first component of a 
questionnaire should be an introductory statement, which includes the following 
information: 
the purpose of the quesfionnaire 
the information being sought and how it will be used 
an introduction to the researcher 
a statement of confidentiality 
All of these details were included in a cover letter with the questionnaire (Appendix 5) 
The restructured Post Polio Clinic Questionnaire (Appendix 1) had a brief 
introductory statement, giving instructions on how to complete the questions and a 
statement of confidentiality. 
The next section of the Post Polio Clinic Questionnaire contains demographic 
questions. Polgar and Thomas (1995) suggest that it is better to position these questions 
first as they are easily answered and serve as a '"warm-up" to what follows. 
The remaining questions were grouped into three sections: 
- Questions relating to the subject's acute poliomyelitis history 
Questions relating to the subject's status during their maximal recovery period 
Questions relating to the subject's current situation 
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Abramson (1984) recommends that questions should follow some kind of order 
which the respondent sees as a natural one, with smooth movement from item to item. 
The pattern of questioning (i.e. in historical order) used for the present stud> was chosen 
to facilitate the respondents recall of events. 
The closing question invited subjects to describe any problems being 
experienced, that were felt to be related to polio, but were not satisfactorily addressed in 
the questionnaire. Polgar and Thomas (1995) recommend the use of this t>pe of open-
ended question to close a questionnaire. 
The revised questionnaire has 34 questions and is 7 pages long (printed double-
sided). The redrafted questionnaire was discussed with clinical and academic colleagues 
and after minor alterations, was ready for administration. 
3.3 PROCEDURE 
All clients who made telephone or written contact with the trial Post Polio 
Clinic, during 1999 were mailed the following: 
an information letter regarding the present research (Appendix 5) 
a consent form (Appendix 6) 
a Post Polio Clinic Questionnaire 
- a stamped, self-addressed envelope for return of the completed forms. 
Non-respondents were sent a second mailing within 3 months of the original 
mailing. Returned questionnaires were filed in the client's medical record at the Queen 
Elizabeth 11 Jubilee Hospital. 
An information letter regarding the Post Polio Clinic which requested a referral 
from the client's General Practitioner was also sent to clients making enquiries during 
the 6 month clinic trial period (Appendix 4). 
All clients who returned the Post Polio Clinic Questionnaire with the signed 
consent form, before 31" December 1999. and who met all the inclusion and exclusion 
criteria were included as subjects. 
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3.4 DATA MANAGEMENT 
A database was dev eloped on Microsoft Access 97 to store data obtained from 
the questionnaire. To ensure ease and accuracy of recording responses onto the 
database, the format of the questionnaire was considered during the database design 
process. 
Descriptive statistics, mainly frequencies, means and ranges, were obtained from 
the Microsoft Access database. Chi-squared tests were used to determine the 
significance of relationship between: 
age at onset of poliomvelitis and acute clinical severity (as measured bv the 
Klingman index) 
gender and age of onset 
gender and acute clinical severitv (as measured by the Klingman index) 
gender and the presence or absence of new post-polio symptoms 
current age and the presence or absence of new post-polio symptoms 
years since polio and the presence or absence of new post-polio symptoms 
Post Polio Index (PPI) category and the presence or absence of new post-polio 
symptoms 
The chi-squared statistic was chosen because most of the variables under consideration 
were measured with either nominal or ordinal scales. A significance level of 0.05 was 
defined for all statistical analvses. 
The relationship between the severity of post-polio symptoms (as measured bv 
the PPI) and each potential risk factor was analysed individually and as part of a 
multivariate analysis. The techniques used for individual and multivariate analvsis were 
logistic modelling and logistic regression. 
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3.5 ETHICAL IMPLICATIONS 
All subjects receiv ed information about the study in the form of a ccn er letter 
with the questionnaire (Appendix 5) and were required to return a consent form 
(Appendix 6). These two forms were printed on Queensland Health letterhead. 
Subjects were informed that the confidentiality normally applied to medical 
records would be adhered to and thev would not be identified in anv future publications. 
It was made clear to all subjects that participation in the study might not be of direct 
benefit to them and that thev were free to withdraw form the study at any stage. 
This studv gained ethical approval from the University of Queensland Medical 
Research Ethics Committee and the Princess Alexandra Hospital Research Ethics 
Committee. Ethical approval statements are appended (Appendix 7 and Appendix 8). 
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CHAPTER 4 
RESULTS 
4.1 THE STUDY COHORT 
A total of 297 people made contact with the trial Post Polio Clinic at Queen 
Elizabeth II Jubilee Hospital prior to 3 r ' December 1999. One hundred and fifty-five 
people, with a historv of paralytic poliomyelitis (confirmed by a referral from their 
general practitioner) returned the Post Polio Clinic Questionnaire with a signed consent 
form. Thus, the response rate was 52.19 percent. 
Two people were excluded as subjects because they were not current residents of 
Queensland. A further 22 people were excluded from the study group because thev 
contracted poliomvelitis outside Australia. A further five people were excluded due to 
pre-existing medical conditions: stroke (two), severe rheumatoid arthritis, myasthenia 
gravis and multiple sclerosis. A total of 126 subjects were included in the current study. 
4.2 DEMOGRAPHIC INFORMATION 
The first objective of the present study was to obtain demographic details of a 
cohort of the post-polio population in Queensland, who registered with the trial Post 
Polio Clinic at Queen Elizabeth II Jubilee Hospital during 1999. The demographic 
variables examined were age, gender, place of residence, marital status, number of 
children and employment status. 
The average age of subjects was 61.02 years, with a range from 38 to 85 years. 
Figure 4.1 shows the distribution of subjects in various age categories. Sixty-four 
percent of subjects were between the ages of 50 and 70. There was onlv one subject 
below 40 years and six subjects were over the age of 80. 
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Figure 4.1: Cun-ent age of subjects. 
There were 57 males and 69 females. Table 4.1 describes the study group with 
respect to gender and current age. There were a similar number of males and females in 
each age categorv below 70 years. In the over 70 age groups there were twice as manv 
females as males. 
Table 4.1: 
Age 
<40 
4 0 ^ 9 
50-59 
60-69 
70-79 
>80 
Total 
The study 
n 
0 
11 
17 
21 
6 
2 
57 
Ma 
group bv 
le"'" 
% 
0.00 
8.73 
13.49 
16.67 
4.76 
1.59 
45.24 
gender and current age. 
n 
1 
8 
23 
20 
13 
4 
69 
Femal e 
% 
0.79 
6.35 
18.25 
15.87 
10.32 
3.18 
54.76 
AH Subj 
n 
1 
19 
40 
41 
19 
6 
126 
ects 
% 
0.79 
15.08 
31.75 
32.54 
15.08 
4.76 
100 
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The relationships of the subjects were as follows: 71.43 percent were married or 
in a permanent relationship; 15.87 percent were single; 6.35 percent were separated or 
divorced and 6.35 percent were widowed. The marital status of subjects is shown in 
Table 4.2. 
Table 4.2: Marital status of the studv group. 
Marital status 
Married/permanent 
Single 
Separated/divorced 
Widowed 
Total 
relationship 
Number of subj 1 
90 
20 
8 
8 
126 
ects Percentage of total 
cohort (%) 
71.43 
15.87 
6.35 
6.35 
100 
The majority of the cohort (76.19 percent) had children. The average familv size 
was 2.23 children (n=126). Table 4.3 shows the distribution of family sizes for the 
cohort. 
Table 4.3: Number of children. 
Number of children 
0 
1 
2 
3 
4 
5 
6 
7 
8 
Number of subjects 
30 
25 
16 
7 
4 
0 
1 
Percentage of total cohort 
(%) 
23.81 
8.73 
25.39 
19.84 
12.69 
5.55 
3.17 
0.00 
0.79 
The employment status of the study group is shown in Table 4.4. At the time of 
the survey. 53.17 percent of subjects had retired and 29.37 percent of the cohort were in 
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paid employment either full or part-time. A further 17.46 percent were in unpaid 
emplovment. 
Table 4.4: Employment status of the study group. 
Emplovment status Number of subjects Percentage of total 
cohort (%) 
Paid employment full-time 18 14.29 
Paid employment part-time 19 15.08 
Unpaid employment 22 17.46 
(volunteer: home duties) 
Study 0 0.00 
Refired 67 53.17 
Total 126 100 
Place of residence was classified according to the Queensland Health Serv ice 
District in which each subject lived at the time of the survey. Figure 4.2 shows the 
number of subjects residing in each of the 39 Queensland ^^ealth Service Districts. 
Almost half of the subjects (49.21 percent) were resident in the Brisbane metropolitan 
area. The remainder of the study group was spread across 15 Health Service Districts. 
The great majority of subjects were resident in south-east Queensland and only a v erv 
small number of subjects were resident in Central and Northern Queensland. 
The study group was compared to the total group of people who made contact 
with the trial Post Polio Clinic during 1999. with respect to their place of residence 
(Table 4.5). Of the 297 people who made contact with the trial Post Polio Clinic, 
addresses were known for 283 people. Eight people were not resident in Queensland 
and six did not provide their addresses. Table 4.5 shows that the response rate to the 
current survey was higher from the Brisbane metropolitan area than from regional 
centres in Queensland. While only 37.81 percent of the people who registered with the 
trial Post Polio Clinic were Brisbane residents, 49.21 percent of the study group were 
resident in the Brisbane metropolitan area. 
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Table 4.5: Place of residence - proportion of subjects and clinic contacts residing in 
each Queensland Health Serv ice District. 
Health Service District 
The Prince Charles Hospital 
QEII Hospital 
Gold Coast 
Sunshine Coast 
Bayside 
Redcliffe 
Logan-Beaudesert 
Toowoomba 
Southern Downs 
Northern Downs 
West Moreton 
Fraser Coast 
North Burnett 
Bundaberg 
South Burnett 
Tablelands 
Cairns 
Townsville 
Banana 
Bowen 
Mackay 
Moranbah 
Rockhampton 
Roma 
Cape York 
Central Highlands 
Central West 
Charleville 
Charters Towers 
Gladstone 
Gympie 
Innisfail 
Mt Isa 
Torres Strait and Northern 
Penisula Area 
n 
31 
31 
10 
9 
9 
7 
6 
5 
4 
2 
2 
2 
2 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Subjects 
(n="l26) 
% 
24.60 
24.60 
7.94 
7.14 
7.14 
5.56 
4.76 
3.97 
3.17 
2.38 
1.59 
1.59 
1.59 
1.59 
0.79 
0.79 
0.79 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Clinic contacts 
n 
53 
54 
25 
21 
21 
19 
18 
17 
11 
5 
11 
5 
4 
2, 
3 
3 
3 
! • 
1 
1 
1 
1 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(n=283) 
% 
18.73 
19.08 
8.83 
7.42 
7.42 
6.71 
6.36 
6.01 
3.89 
1.77 
3.89 
1.77 
1.41 
0.71 
1.06 
1.06 
1.06 
0.71 
0.35 
0.35 
0.35 
0.35 
0.71 
0.35 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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4.3 ACUTE POLIOMYELITIS HISTORY 
The year of onset of acute poliomyelitis infection ranged from 1917 to 1961. 
Only one subject did not state the year of onset. The modal year in which subjects 
developed acute paralv tic poliomyelitis was 1951. with 27 cases, fhirty-nine percent of 
cases occurred between 1950 and 1952. Figure 4.3 shows the number of subjects 
developing acute paralytic poliomvelitis each year and the annual rate of notifications of 
acute poliomvelitis in Queensland. 
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Figure 4.3: (a) Annual rate of nofifications of acute poliomyelitis in Queensland, 
(b) Year of onset of acute poliomyelitis infection for subjects in the 
current study. 
83 
Table 4.6 gives details concerning the cohort's age at onset of acute paralytic 
poliomvelitis infection. The question on age at onset was answered bv 125 subjects. Of 
these subjects, 54.4 percent were less than ten years old at the onset of acute 
poliomyelitis intection. 
Table 4.6: The sludv population bv gender and age at onset of poliomvelitis. 
Age at onset (vears) 
0 -
5 -
10 
15 
> 
• 4 
-9 
-14 
-19 
20 
lotal 
n 
'1~S 
13 
7 
6 
8 
56 
Mak 
% 
39.29 
23.21 
12.50 
10.71 
14.29 
\W"~ 
% 
20 
13 
16 
9 
11 
'^"69 
Femal le 
% 
28.99 
18.84 
23.19 
13.04 
15.94 
100 
All Subjects 
n % 
42 33.60 
26 20.80 
23 18.40 
15 12.00 
19 15.20 
125 100 
One hundred and twenty-four subjects answered the quesfion regarding 
hospitalisation. Of these, 113 subjects (91.13 percent) were hospitalised during the acute 
poliomyelitis illness and 11 subjects (8.87 percent) were not hospitalised. Of the 113 
subjects who were hospitalised during the acute poliomyelitis illness. 98 answered the 
question on how long they were hospitalised. Information on length of hospitalisation is 
summarised in Table 4.7. The majority of subjects (70.41 percent) were hospitalised for 
12 months or less, while 5.10 percent of subjects were hospitalised for greater than three 
years. 
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Table 4.7: Length of hospitalisation. 
Length of hospitalisation (months) Number of subjects 
"<2 
3 - 4 
5 - 6 
7-12 
13 - 24 
25 - 36 
>36 
15 
17 
14 
T^ 
14 
10 
5 
Percentage (%) 
15.31 
17.34 
14.29 
23.47 
14.29 
10.20 
5.10 
Subjects were presented w ith a list of 18 body parts and w ere asked to indicate 
which parts were affected during their original poliomyelitis illness. Information was 
obtained for 123 subjects; three subjects indicated that they did not know what bodv 
parts were affected during the acute poliomyelitis illness. The average number of bodv 
parts affected was 9.02. The frequency with which the major body parts were affected in 
this cohort is shown in Table 4.8. The lower limbs and back were most frequentiv 
affected, followed by the abdomen. 
The acute diagnosis was determined on the basis of each subject's report of the 
body parts affected during the acute infection. Subjects were classified into one of three 
diagnostic categories. As shown in Table 4.9, 61.11 percent of cases were classified as 
spinal paralytic poliomyelitis while 34.13 percent of cases were classified as 
bulbospinal paralytic poliomvelitis. There were no purely bulbar paralv tic cases. 
Thirty-three subjects (26.20 percent) stated that they experienced respiratorv 
paralysis during the acute poliomyelitis illness while 17 subjects (13.50 percent) 
reported that they required some form of respiratory support during the acute illness 
(e.g. a ventilator or rocking bed). 
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Table 4.8: Body parts affected during the acute poliomyelitis illness. 
Body Part 
Head. neck, face 
Chest 
Back 
Abdomen 
(L) buttock 
(R) buttock 
(L) shoulder 
(L) arm 
(L)hand 
(R) shoulder 
(R) arm 
(R) hand 
(L) thigh 
(L) lower leg 
(L) foot 
(R) thigh 
(R)lower leg 
(R) foot 
Number of 
subjects 
49 
49 
79 
61 
59 
67 
45 
46 
46 
46 
51 
46 
71 
80 
69 
79 
89 
77 
Percentage (% 
39.84 
39.84 
64.23 
49.59 
47.97 
54.47 
36.58 
37.39 
37.39 
37.39 
41.46 
37.39 
57.72 
65.04 
56.09 
64.23 
72.36 
62.60 
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Table 4.9: Distribution of subjects in three diagnostic categories. 
Diagnostic categorv 
Spinal paralv tic 
Bulbar paralytic 
Bulbospinal paralytic 
Total 
Ni umber of ^ 
77 
0 
43 
120 
aibj( 2CtS Pel rcentagc 
64.17 
0.00 
35.83 
100 
The severitv of the acute poliomyelitis infection can be described by the extent 
of paralvtic involvement during the acute illness. The Klingman six-point index of 
initial severity of poliomyelitis was applied to the study group (Klingman et al. 1988). 
This was calculated from the number of body parts weakened or paralysed during the 
acute period. One point was assigned for each limb involved, one point for back and one 
point for chest involvement. As shown in Table 4.10, 16.67 percent of subjects had a 
score of one, 15 percent had a score of two, 20.83 percent had a score of three, 15 
percent had a score of four. 9.17 percent had a score of five and 23.33 percent had a 
score of six. 
Table 4.10: Acute clinical severity - number of subjects in each Klingman severity 
index group. 
Acute clinical 
severity 
1 
2 
J 
4 
5 
6 
Total 
n 
13 
8 
14 
5 
4 
11 
55 
Males 
% 
23^64 
14.55 
25.46 
9.09 
7.27 
20.00 
100.00 
n 
1 
10 
II 
13 
7 
17 
65 
Females 
% 
10.77 
15.39 
16.92 
20.00 
10.77 
26.15 
100.00 
All Subj 
n 
21) 
18 
25 
18 
11 
28 
120 
ects 
% 
16.67 
15.00 
20.83 
15.00 
9.17 
23.33 
lOO.Ot 
Figure 4.4 illustrates the relationship between the Klingman Index categorv and 
number of body parts affected during acute poliomyelitis illness. The number of bodv 
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parts affected and the Klingman index of severity were found to be highly correlated 
(Spearman rank correlation coefficient = 0.927. P < 0.0005). 
Values for the Klingman index and age at onset of poliomyelitis were available 
for 119 subjects. In Table 4.11. the severity of the acute poliomyelitis illness, as 
measured with the Klingman index is shown for the \'\\c categories of age at onset. 
These data suggest that subjects with a >ounger age at onset tended to have a less severe 
illness. In the Klingman index categorv one (least severe illness). 32.5 percent of 
subjects were aged between zero and four >ears, while only 5.26 percent of subjects 
were aged 20 or over. In contrast, 36.84 percent of subjects receiving a Klingman index 
score of five or six were aged 20 years or over at onset of acute poliomyelitis, compared 
to 25 percent of subjects aged four or below. These trends were analysed with a chi-
squared test. Because of the small cohort size, the age at onset values were combined 
into two classes, zero-to-nine vears, and over ten years. The association between the age 
at onset of poliomyelitis and the acute clinical severity (as measured bv the Klingman 
index) was found to be statistically significant {P = 0.012). 
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Figure 4.4: The relationship between Klingman Index category and number of body 
parts affected during acute poliomyelitis illness. The mean number of 
body parts affected (± 95percent confidence limits) is shown for each 
level of the Klingman index. 
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Table 4,11: Acute clinical severity (Klingman index) by age at onset of 
poliomvelitis. 
Klingman 
1 
2 
,•5 
4 
5 
6 
Total (n) 
index 
0 ^ vears 
(%) 
32.50 
12.50 
20.00 
10.00 
2.50 
22.50 
40 
5-9 vears 
(%) 
12.00 
8.00 
24.00 
16.00 
4.00 
36.00 
25 
I0-I4vears 
(%) 
10.00 
25.00 
10.00 
10.00 
25.00 
20.00 
20 
15-19years 
(%) 
0.00 
13.33 
40.00 
26.27 
6.67 
13.33 
15 
> 20 \ec 
(%) 
5.26 
21.05 
15.79 
21.05 
15.79 
21.05 
19 
4.3.1 GENDER DIFFERENCES 
Small differences in the proportions of males and females in each age at onset 
class were observed (Table 4.6). However, these differences were not found to be 
stafistically significant (Chi-squared test of association, P = 0.497). Gender differences 
vv'cre also examined with respect to acute clinical severity, as measured by the Klingman 
index. For the analyses the scores of the Klingman index were reduced to two 
categories, one-to-three (low severity) or four-to-six (high severity). Males were found 
to be over-represented in the low severity class and females were found to be ov er-
represented in the high severity class. These trends were found to be statistical I v 
significant (Chi-squared test of association, P = 0.025). 
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4.4 NEW POST - POLIO SYMPTOMS 
The second objectiv e of this study was to define the types of problems that a 
clinic-based cohort of poliomyelitis survivors is currently experiencing. Closely related 
to this was the third objective, which was to examine the frequency and severity of post-
polio svmptoms, experienced bv this cohort. 
4.4.1 TYPE, FREQUENCY AND DURATION OF SYMPTOMS 
Fifteen post-polio svmptoms, which are frequently reported in the literature, 
were investigated in this study. Table 4.12 shows the frequency with which subjects 
reported the presence of these 15 post-polio symptoms. The most frequent complaint 
was muscle weakness, with 87.30 percent of subjects reporting this symptom. Unusual 
tiredness and joint pain were experienced by 79.36 percent of the cohort. Other 
problems reported by more than half of the subjects were muscle cramps (71.43 
percent); walking changes (69.05 percent); muscle pain (61.11 percent); increased 
tendency to fall (60.32 percent) and increased sensitivity to cold (57.14 percent). 
The remaining seven problems investigated, while less common, were all 
reported by considerable proportions of the cohort. Muscle twitching was reported bv 
50 percent of subjects; sleep changes by 49.21 percent; atrophy by 47.62 percent; a new 
problem with breathing by 38.89 percent; changes in tone or loudness or qualit> of 
voice by 30.95 percent; an increase in the number of headaches bv 30.16 percent and 
increased difficulty swallowing b} 26.98 percent of the subjects. 
Gender differences in the prevalence of reported new symptoms are shown in 
Table 4.12. Males reported five new symptoms more frequentiv and female subjects 
reported the other ten new symptoms more frequently. The association between gender 
and the presence or absence of each new symptom was determined using Chi-squared 
tests and in all cases, was found to be non-significant. 
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Table 4.12: Frequency of new post-polio symptoms by gender. 
New symptoms 
Muscle weakness 
Muscle pain 
Unusual tiredness 
Muscle cramps 
Muscle twitching 
Atrophy 
Joint pain 
New problem with 
breathing 
Increased sensitivity to 
cold 
Increased tendency to 
fall 
Increase in number of 
headaches 
Sleep changes 
Walking changes 
Increased difficulty 
swallowing 
Changes in tone or 
loudness or quality of 
voice 
Male 
(IV 
n 
49 
34 
44 
38 
28 
31 
46 
24 
29 
35 
12 
25 
38 
12 
18 
= 57) 
% 
85.96 
59.65 
77.19 
66.67 
49.12 
54.39 
80.70 
42.10 
50.88 
61.40 
21.05 
43.86 
66.67 
21.05 
31.58 
Female 
(n = 
n 
61 
43 
56 
52 
35 
29 
54 
25 
43 
41 
26 
37 
49 
22 
21 
 69) 
% 
88.41 
62.32 
81.16 
75.36 
50.72 
42.03 
78.26 
36.23 
62.32 
59.42 
37.68 
53.62 
71.01 
31.88 
30.43 
All 
Subjects 
(n= 126) 
n 
no 
77 
100 
90 
63 
60 
100 
49 
72 
76 
38 
62 
87 
34 
39 
Percentage 
of total 
cohort 
% 
87.30 
61.11 
79.36 
71.43 
50.00 
47.62 
79.36 
38.89 
57.14 
60.32 
30.16 
49.21 
69.05 
26.98 
30.95 
The prevalence of reported new health problems was examined with respect to 
the current age of subjects. Subjects were divided into four current age classes as shown 
in Table 4.13. The association between current age and the presence or absence of each 
new symptom was determined using Chi-squared tests. The only statistically significant 
association found was between current age and the presence or absence of new atrophy 
(Chi-square test of association, P = 0.025). 
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Table 4.13: Frequency of new post-polio symptoms by current age. 
New symptoms <49years 50-59years 60-69years > 70ycars 
(n = 20) (n = 40) (n-41) (n = 25) 
n % n % n % n % 
Muscle weakness 14 70 36 90 36 87.80 24 96 
Muscle pain 9 45 25 62.5 27 65.85 16 64 
Unusual tiredness 15 75 34 85 29 76.73 22 88 
Muscle cramps 12 60 29 72.5 31 75.61 18 72 
Muscle twitching 13 65 17 42.5 24 58.54 9 36 
Atrophy 7 35 20 50 26 63.41 7 28 
Joint pain 13 65 35 87.5 34 82.93 18 72 
New problem with 
breathing 
Increased sensitivity to 
cold 
Increased tendency to 
fall 
Increase in number of 
headaches 
Sleep changes 
Walking changes 
Increased difficulty 
swallowing 
Changes in tone or 
loudness or quality of 
voice 
7 
8 
10 
5 
11 
12 
4 
6 
35 
40 
50 
25 
55 
60 
20 
30 
20 
22 
23 
17 
21 
25 
11 
13 
50 
55 
57.5 
42.5 
52.5 
62.5 
27.5 
32.5 
16 
25 
28 
13 
20 
31 
9 
14 
39.02 
60.98 
68.29 
31.71 
48.78 
75.61 
21.95 
34.15 
6 
17 
15 
3 
10 
19 
10 
6 
24 
68 
60 
12 
40 
76 
40 
24 
The prevalence of reported new heahh problems was also examined with respect 
to the number of years since acute poliomyelifis infection. Subjects were separated into 
three classes as shown in Table 4.14: 30-44 years since polio, 45-49 years since polio 
and over 50 years since polio. The association between years since polio and the 
presence or absence of each new symptom was determined using Chi-squared tests and 
in all cases, was found to be non-significant. 
Table 4.14: Frequencv of new post-polio symptoms by years since acute 
poliomyelitis infection. 
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New symptoms 
Years since acute infection 
30 - 44 45-49 50+ 
(n=22) (n=59) (n-44) 
n % n % n 
Muscle weakness 20 90.91 51 86.44 38 86.36 
Muscle pain 15 68.18 32 54.24 65.90 
Unusual tiredness 18 81.8: 47 79.66 35 79.55 
Muscle cramps 12 54.55 45 76.27 33 75.00 
Muscle twitching 14 63.64 28 47.46 47.73 
Atrophy 10 45.45 31 52.54 43.18 
Joint pain 17 77.27 48 81.36 35 79.55 
New problem w ith breathing 36.36 24 40.68 58.64 
Increased sensitiv itv to cold 11 50.00 35 59.32 25 56.82 
Increased tendency to fall 11 50.00 40 67.80 s^ 56.82 
Increase in number of 
headaches 
Sleep changes 11 
40.91 
50.00 
20 33.90 
55.93 
20.45 
40.91 
Walking changes 17 77.27 40 67.79 30 68.18 
Increased difficulty 
swallowing 
Changes in tone or loudness 
or quality of voice 
22.73 15 25.42 14 31.82 
8 36.36 17 28.82 14 31.82 
Subjects reporting the presence of muscle weakness and muscle pain were 
further questioned regarding the type of muscle in which these symptoms occurred. 
Table 4.15 shows the responses for muscle weakness. New weakness in muscles that 
had previously been affected bv poliomyelitis was reported by 46.73 percent of subjects. 
A further 11.21 percent reported that the new weakness was in muscles that were not 
known to have been affected bv poliomvelitis and 42.06 percent reported that the new 
weakness was in both tv pes of muscle. Of those subjects reporting new muscle pain, 
44.89 percent said that the pain was in muscles previously affected bv poliomyelitis; 
8.16 said that the pain was in muscles not known to be affected by poliomyelitis and 
46.94 percent said that the new pain was in both types of muscle (Table 4.16). 
Table 4.15: f>pe of muscle in which new weakness is present. 
Type of muscle Number of subjects Percentage of subjects (%) 
Affected by poliomyelitis 50 46.73 
Not affected b> poliomyelitis 12 11.21 
Both 45 42.06 
"Total ' ' ' ' 107 ^ ' ioO 
Table 4.16: 1 \pe of muscle in which new pain is present. 
Type of muscle 
Affected by poliomyelitis 
Not affected by poliomyelitis 
Both 
Total 
Number of sub 
44 
8 
46 
m '  
44.89 
8.16 
46.94 
100 
94 
Subjects were also asked how long they had been experiencing symptoms. Ihe 
responses for muscle weakness and muscle pain are illustrated in Figure 4.5. fhe 
duration of muscle weakness and muscle pain followed a similar pattern. Both muscle 
weakness and muscle pain had most commonly been present for between three and ten 
years. Duration data for all other symptoms are documented as Appendix 9. The 
durations reported for each of the other symptoms were most commonly ten years or 
less, with the exception of muscle cramps and cold sensitivity which were more 
commonlv present for greater than 15 years. 
o 
3 
0) 
O) 
nj 
c 
0) 
o 
« 
CL 
40 
35 -
30 
25 
20 
15 
10 
C Muscle weakness 
l%%) Muscle pain 
<1 year 1-2 years 3-5 years 6-10 years 11-15 years >15 years 
Duration of symptoms 
Figure 4.5: Duration of muscle weakness and muscle pain. 
Subjects were asked to record the year when they first became aware of post-
polio symptoms. From this it was possible to calculate the latency period between the 
onset of poliomyelitis and the appearance of post-polio symptoms (Figure 4.6). The 
average poliomyelitis/post-polio latency for this group was 39.49 years. The median 
poliomyelitis/post-polio latency was 40 years. 
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Figure 4.6: Poliomvelitis - Post-polio latency period. 
4.4.2 SEVERITY OF POST-POLIO SYMPTOMS 
The Post-polio index (PPI), developed by Lonnberg (1993), was adopted as a 
measure of the severity of post-polio symptoms. The PPI is a four-point index of the 
severity of post-polio svmptoms. based on the following definitions: 
Limited weakness: weakness in previously affected muscles or previouslv not 
affected muscles, but not both kinds of weakness. 
Widespread weakness: weakness in previously affected and previously not 
affected muscles. 
Physical dysfunction: problems with at least one of the following: walking, 
climbing stairs, dressing, maintaining personal hygiene, eating and swallowing. 
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The four PPI categories are: 
I. No new weakness of muscles and no new physical dvsfunction. 
IL Widespread or limited new weakness or new physical dysfunction. 
111. Limited new weakness and new phv sical dvsfunction. 
rV. Widespread new weakness and physical dysfunction. 
The great majoritv of the study group (99.21 percent) answered the questions 
concerning new weakness and physical dysfunction, which form the components of the 
PPI. Figure 4.7 shows the distribution of subjects in the four index groups. Only 9.6 
percent of subjects reported no new weakness or physical dysfunction (i.e. PPI group I). 
PPI group II contained 36.8 percent of subjects; 30.40 percent were in PPI group III and 
23.20 percent of subjects were in the most severe category (PPI group IV). 
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Figure 4.7: Distribution of subjects in the four Post-polio index groups. 
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Figure 4.8 shows the distribution of subjects in the four index groups by current 
age. With increasing age there was an increase in the proportion of subjects in index 
groups III and IV and a decrease in the proportion of subjects in index groups I and II. 
This data suggests an increase in the severity of post-polio symptoms, as measured b\ 
the PPI, with increasing age. 
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Figure 4.8: Distribution of subjects in the four Post-polio index groups by current 
age. 
Table 4.17 illustrates the correspondence between the PPI and gender. The 
severity of post-polio symptoms, as measured by the PPI was higher the lower the 
male/female ratio. 
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Table 4.17: 
Index 
group 
1 
II 
III 
IV 
Total 
Proportion of 
Males 
(n) 
8 
23 
16 
10 
57 
subjects in each 
Males 
(M 
14.03 
40.35 
28.07 
17.54 
100 
Post-pol 
Femal 
(n) 
4 
23 
")") 
19 
68 
lio inc 
es 
lex group by 
Females 
(%) 
5.88 
33.82 
32.35 
27.94 
100 
gend er. 
Mc ile/Female 
ratio 
2 
1 
0.73 
0.53 
0.84 
The PPI category is determined from the presence of only two new problems 
(weakness in muscles previously affected or unaffected and physical dysfunction). 
Table 4.18 shows the correspondence between the index and the presence of the other 
post-polio symptoms investigated in this study. The lowest frequencies of each new 
symptom (except for muscle cramps) were found in index group 1 and the highest in 
index group IV. These trends were analysed with chi-squared tests. A statistically 
significant association was found between the PPI and the presence or absence of each 
new symptom. The only exceptions were new breathing problems and increased 
headaches, which were not found to be significantly associated with the PPI. 
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Table 4.18: Frequency of new symptoms in the four Post-polio index groups. 
New symptom 
Unusual tiredness 
Muscle cramps 
Muscle twitching 
Atrophy 
Joint pain 
New problem with 
breathing 
Increased sensitivity to cold 
Increased tendency to fall 
Increase in number of 
headaches 
Sleep changes 
Increased difficulty 
swallowing 
Changes in tone or loudness 
or quality of voice 
I 
(%) 
41.67 
66.67 
8.33 
41.67 
25.00 
33.33 
8.33 
8.33 
16.67 
0.00 
16.67 
Index 
II 
(%) 
76.09 
67.39 
41.30 
39.13 
78.26 
34.78 
47.82 
47.83 
30.43 
43.48 
19.56 
21.74 
group 
III 
(%) 
81.58 
63.16 
47.37 
57.89 
78.95 
34.21 
65.79 
71.05 
26.32 
52.63 
36.84 
28.95 
IV 
(%) 
96.55 
89.65 
72.41 
65.52 
96.55 
55.17 
72.41 
86.21 
41.38 
65.52 
37.93 
51.72 
Pearson 
Chi-
square 
0.001 
0.091 
0.034 
0.003 
0.001 
0.180 
0.039 
0.000 
0.191 
0.030 
0.025 
0.030 
100 
4.5 IMPACT OF POST-POLIO SYMPTOMS ON ACTIVITIES OF 
DAILY LIVING, LIFESTYLE AND EMPLOYMENT 
The fourth objective of this study was to examine the impact of post-polio 
symptoms on activ ities of dailv liv ing, lifestyle and employment in the subject group. 
4.5.1 IMPACT OF POST-POLIO SYMPTOMS ON ACTIVITIES OF DAILY 
LIVING 
To examine the possible impact of post-polio symptoms on Activities of Dailv 
Living (ADLs). subjects were asked about their ability to perform 11 everyday activities 
when thev were maximall> recovered. Maximal recovery was described as the period 
when the subject was at their best ever level of strength and function. For each ADL. 
subjects were asked to describe their ability using one of five options. From this they 
were allocated an ADL score as follows: 
1. Independent 
2. Independent with the use of an assistive device or aid 
3. Need light assistance (one helper only) 
4. Need maximal assistance (one or two helpers) 
5. Impossible 
Later in the questionnaire, subjects were presented with the same list of 11 ADLs and 
were asked to rate their current level of ability using the same criteria as above. 
Figure 4.9 illustrates the number of subjects in each ADL score categorv. at maximal 
recovery and at the time of the survey, for each of the 11 ADLs. 
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Figure 4.9: Activifies of Daily Living scores during the maximal recovery period and 
at the time of the survey: (a) Getting dressed; (b) Getting in and out of 
bed; (c) Feeding yourself; (d) Taking a bath or shower. 
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Figure 4.9 continued: Acfivities of Daily Living scores during the maximal 
recovery period and at the time of the survey: (e) Usin 
the toilet; (f) Walking on level surfaces; (g) Climbing 
stairs; (h) Driving a car. 
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Figure 4.9 continued: Activities of Daily Living scores during the maximal 
recovery period and at the time of the survey: (i) Using 
public transport; (j) Light household tasks; (k) Heavy 
household tasks. 
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No subjects reported an improvement in their level of ability to perform ADLs 
between the maximal recoverv period and the time of the survey. The proportion of 
subjects who rated themselves as independent when walking on level surfaces decreased 
from 74.60 percent during the maximal recovery period to 52.38 percent at the time of 
the survey. At maximal recovery 65.87 percent of subjects reported that they were 
independent in climbing stairs. At the time of the survey, the proportion of subjects who 
were independent with stair climbing had decreased to 34.13 percent. The proportion of 
subjects stating the\ find it impossible to climb stairs increased from 7.14 percent at 
maximal recoverv to 13.49 percent at the time of the survey. While 79.37 percent of 
subjects reported being independent with heavv household tasks at maximal recoverv. 
onlv 42.06 percent reported being independent with these tasks at the time of the survev. 
The proportion of subjects unable to complete heavy household tasks increased from 
5.56 percent at maximal recovery to 31.75 percent at the time of the survey. 
Table 4.19 shows the proportions of the total cohort whose abilities in the 11 
ADLs had declined between the period of maximal recovery and the time of the survey. 
It should be noted that the data indicates the number of subjects who required an 
increased level of assistance to perform ADLs. The data does not represent the numbers 
of subjects whose functional level has remained the same but who are finding these 
activities more difficult. Many subjects annotated the question on current ability with 
comments such as "still able to do this but I am much slower and find it more difficult". 
The activities for which the ADL scores had more frequently declined were 
heavy household tasks (45.90 percent), climbing stairs (41.94 percent), using public 
transport (37.19 percent), taking a bath or shower (30.40 percent) and walking on level 
surfaces (30.16 percent). The average number of ADL's in which performance had 
declined, between the maximal recovery period and the time of the survev was 2.46. 
4.5.2 USE OF AIDS AND ASSISTIVE DEVICES 
Subjects were asked what aid(s) or assistive device(s) thev used during the 
period of maximal recovery and at the time of the survey. Data on use of walking aids 
was available for 118 subjects. Three subjects were excluded because the> were 
completely wheelchair dependent at maximal recover} and five subjects failed to 
answer the question. At the stage of maximum recovery. 36 subjects (30.5 percent) 
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depended on one or more assistive devices to walk. At the time of the survev. 62 
subjects (52.54 percent) stated that they used one or more walking aids. The changing 
pattern of use of walking aids is illustrated in Figure 4.10. Fiftv-nine subjects (50 
percent) reported using a different type of walking aid, or different combination of 
walking aids, at the time of the surv ev compared to that used during the period of 
maximal recov erv. 
Table 4.19: Proportions of subjects requiring increased assistance with Activities of 
Dailv Liv ing. 
Activities of Daily Living Number of subjects requiring Percentage of total 
increased assistance cohort 
_ ^ ^ ^ _ _ . „ , ^ ^ „^ _ (%) 
Getting dressed 17 13.60 (n= 125) 
Getfinginandoutofbed 15 12.00 (n=125) 
Feeding yourself 1 0.80(n=125) 
Taking a bath or shower 38 30.40 (n=l 25) 
Using the toilet 14 11.12(n=125) 
Walking on level surfaces 38 30.16 (n=126) 
Climbing stairs 52 41.94 (n=l 24) 
Driving a car 12 10.17(n=118) 
Using public transport 45 37.19 (n=l 21) 
Light household tasks eg food 22 17.87 (n=123) 
preparation 
Heavy household tasks eg 56 45.90 (n= 122) 
vacuuming 
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Figure 4.10: Number of subjects using various walking aids during the maximal 
recoverv period and currently. 
Subjects were asked whether they used a wheelchair when they were maximally 
recovered and whether they use a wheelchair now. Subjects were also asked to indicate 
the type of wheelchair used (manual, powered or both). Six subjects (five percent. n= 
120) reported using a manual wheelchair at least some of the time, during the maximal 
recovery period, compared to 24 subjects (20 percent) using a manual wheelchair at the 
fime of the survey. One subject (0.83 percent) reported using a powered wheelchair 
during the maximal recoverv period, compared to nine subjects (7.5 percent) using a 
powered wheelchair at the fime of the survey. 
No subjects were using a respiratory assistive device during the maximal 
recovery period. Two subjects reported that they currently use a respiratorv assistive 
device. 
Subjects were also asked if they had noticed any significant change in their 
weight over the last ten years. Of the 123 subjects who responded to this question, 74 
subjects (60.16 percent) reported a significant weight change. 
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4.5.3 IMPACT OF POST-POLIO SYMPTOMS ON EMPLOYMENT AND 
LIFESTYLE 
Subjects were asked if thev had made anv changes regarding their employment 
because of post-polio symptoms, such as reduced hours of work. Responses are 
summarised in Table 4.20. Hmployment changes were reported bv 42.61 percent of the 
total cohort. Of those subjects actuallv in the workforce. 67.12 percent reported making 
changes regarding their employment because of post-polio symptoms. 
Table 4.20: Proportion of subjects making employment changes. 
Employment Changes Number of subjects Percentage of total cohort 
(%) 
Yes 49 42.61 
No 24 20.87 
Not applicable as not emploved 42 36.52 
Total '" ' 115 100 
To examine the impact of post-polio symptoms on lifestyle, subjects were asked 
whether they had made any changes regarding their lifestyle (e.g. house care activities, 
recreation, social activities) as a result of post-polio symptoms. Of the 118 subjects who 
answered this question. 98 subjects (83.05 percent) reported that they had made lifestyle 
changes as a result of post-polio symptoms. 
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4.6 RISK FACTORS 
The final objective of this study was to examine factors associated with the 
development of post polio svmptoms. to determine the risk indicators for late onset 
polio symptoms. The potential risk factors examined were: 
Gender 
Current age 
Age at acute poliomyelitis infection 
Acute diagnosis 
Severitv of acute illness (as measured by the Klingman Index) 
Respiratory support during the acute illness 
Recent weight change 
The relationship between the severity of post-polio symptoms (as measured by 
the PPI) and each potential risk factor was analysed. Those relationships were analysed 
individualh and as part of a multivariate analysis. The techniques used for individual 
and multivariate analvsis were logistic modelling and logistic regression. Logistic 
modelling predicts one state of a binary variable as a function of one or more 
categorical or continuous variables. Logistic regression is the name given to logistic 
modelling when the independent variables are continuous (Steinberg & Colla 1997). 
The dependent variable, PPI score was reduced to two classes: high severitv 
(PPI category III or IV) and low severity (PPI category 1 or II). Logistic modelling was 
used to predict the probability that the subject will be in the high severitv class (PPI of 
111 or IV) from information about the potential risk factors. 
The Klingman index of acute clinical severity was reduced to two classes to 
provide sufficient numbers in each class. The two classes were: 
lower acute severity (Klingman index score of one to three) 
higher acute severity (Klingman index score of four to six) 
In the individual analvses. current age and acute clinical severitv (as measured 
by the Klingman index) were found to be related to the PPI (Table 4.21). The 
probability of subjects being in the high severity class (PPI of 111 or IV) increased as a 
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function of their current age (Fig. 4.11a). Subjects with greater initial severity 
(Klingman groups four to six) had an increased probabilitv of being in the high severitv 
class (PPI oflll or IV) (Fig. 4.11b). 
Table 4.21: The relationship between the Post Polio Index and each of the potential 
risk factors. Parameter estimates are shown for the intercept and each 
independent variable (risk factor) in the logistic model. 
Risk factor 
Gender 
Current age 
Polio age 
Acute diagnosis 
Klingman Index 
Respiratory support 
Weight change 
Intercept 
-0.720 
-3.648 
-0.272 
A '> "> *> 
- O . j j j 
-1.085 
0.236 
0.559 
Risk factor 
0.544 
0.062 
0.0162 
0.307 
0.862 
-0.118 
-0.280 
Likelihood 
ratio 
2.235 
11.290 
1.604 
2.472 
5.272 
0.050 
0.559 
P 
0.135 
0.001 
0.205 
0.116 
0.022 
0.824 
0.455 
Multivariate logistic modelling was carried out using a backward stepwise 
model selection procedure. The P level for inclusion in the minimum adequate model 
was set at 0.05. Multivariate logistic modelling was undertaken to identify substitutable 
and complementary risk factors. A pair of risk factors is said to be substitutable if both 
are found to be significant in individual analyses, but only one is present in the 
minimum adequate model selected in the backward stepwise model selection procedure. 
Substitutable risk factors arise when the risk factors used in the analysis are correlated. 
Complementary risk factors are those which do not show a statistically significant 
relationship in the individual analyses, but are found to be statistically significant when 
certain other risk factors are included in a multivariate model. Note that respiratorv 
support was not included as a risk factor in the multivariate analyses because it 
contained a large number of missing values. 
40 50 60 
Age (years) 
70 
0) 
*^  w 
c _2 
o c 
*- > 
= o 
5 « 
re J : 
2S 
1.0 
0.8 
(b) Klingman index 
80 
1-3 4-6 
Klingman index 
Figure 4.11: Probability of being in the high severity PPI class as a function of (a) 
current age and (b) Klingman Index. For current age the solid line 
indicates the predicted probability of being in the high severity PPI class 
using the parameter estimates shown in Table 4.21. 
The initial minimum adequate model selected using the backward stepwise 
procedure included current age as the only statistically significant risk factor. Inclusion 
of the Klingman index in the model did not significantly improve the fit of the logistic 
model. When the multivariate analyses were re-run without current age the minimum 
adequate model contained the Klingman index as the sole significant risk factor. When 
the multivariate analyses were re-run without current age or the Klingman index no risk 
factors remained in the minimum adequate model. 
The significance of the survey findings and implications for health services in 
Queensland and the physiotherapy profession will now be discussed. 
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CHAPTERS 
DISCUSSION 
A six-month trial Post Polio Clinic was conducted at the Queen Elizabeth 11 
Jubilee Hospital, Brisbane, commencing in November 1998. The clinic provided 
specialist multidisciplinary assessment to clients who identified new health problems 
consistent with the Late Effects of Poliomyelitis. The trial clinic afforded a unique 
opportunity to examine in detail the experience of the Late Effects of Poliomyelitis, by a 
cohort of the Queensland population of poliomyelitis survivors. A postal questionnaire 
was used to examine the clinic-based cohort of poliomyelifis survivors with respect to 
demographics, frequency, severity and impact of post-polio symptoms and risk factors 
for the development of post-polio symptoms. Before discussing the study findings and 
their implications for health services in Queensland, limitations related to the study 
design will be examined. 
5.1 STUDY DESIGN 
The study group may not be representative of the total population of 
poliomyelitis survivors in Queensland. However, as the purpose of the study was to gain 
information that would guide the development of health services for post-polio 
individuals in Queensland and not to perform an epidemiological survey, the cohort 
gained using the postal survey was accepted for this study. The cohort was comprised of 
volunteers who had made contact with the trial Post Polio Clinic. It is possible that 
those people who made contact with the clinic were more likely to be those who had 
some ongoing difficulties related to their poliomyelitis. It is accepted that people with 
no significant problems may be undertepresented. The self-identified nature of the 
cohort also introduces other biases such as the gender imbalance. This will be discussed 
in more detail later. The difficulties relating to selection of a study population are 
common to most published studies on the Late Effects of Poliomyelitis. 
It is also impossible to know whether all the problems reported were directly 
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related to the Late Effects of Poliomyelitis. Many of the symptoms investigated, such as 
fatigue, are non-specific complaints with a varietv of possible causes. Obviouslv 
middle-aged and older people who have had poliomyelitis in the past are susceptible to 
the same health problems as the rest of the population of these ages. Strict exclusion 
criteria were used in an attempt to eliminate other major causes of neurological or 
orthopaedic impairments. It is not known what the expected incidence of the symptoms 
inv estigated is in the general population. 
Finally, it is preferable to perform surveys using skilled interviewers, rather than 
by self-administered postal questionnaires. Self-administered questionnaires rely on the 
level of education of the respondent and are subject to errors due to respondents 
misunderstanding questions (Abramson, 1984). A postal survey was considered 
appropriate for this study, to capture as many subjects as possible and to complete this 
project without substantial funding. However, future expenditure on a more detailed 
survey incorporating interviews and clinical examinations would be warranted. 
Although there are methodological limitations to this kind of study, it does give 
an indication of how widespread the experience of the Late Effects of Poliomyelitis is in 
this cohort. This information will guide the development of health services for 
poliomyelitis survivors in this state. 
5.2 THE POST-POLIO POPULATION IN QUEENSLAND 
When planning health services for any client group, demographic information 
about the target population is of vital importance. This study has gathered important 
demographic data on a cohort of the post-polio population in Queensland. 
Subjects in the current cohort ranged in age from 38 to 85 years. Nearlv half of 
the subjects (48 percent) were below the age of 60, and 80 percent of subjects were 
below the age of 70. Therefore, this cohort of the Queensland post-polio population 
cannot be considered as in the geriatric age group and the symptoms reported could not 
be totally attributed to advanced age. 
Overall, the study group contained more females than males. There were a 
similar number of males and females in each age category below 70 years, but in the 
over 70 age groups there were twice as many females as males. A higher female 
response rate has been found in several other surveys of the Late 1-fleets of 
Poliomyelitis (Wekre et al, 1998; Westbrook, 1991; Chetwynd et al 1993; Lonnberg, 
1993). The higher proportion of females may reflect well-documented gender 
differences in health behaviours such as returning questionnaires (Westbrook and 
Viney, 1983). The female preponderance may also be associated with greater longevity, 
a greater likelihood of symptom recognition and more frequent use of medical care by 
females. 
The findings of the present study, with regard to social variables, were very 
similar to those of the earlier Australian survey by Westbrook (1991). In both studies, 
71 percent of the cohorts were married, with the average number of children being 2.23 
in the present study and 2.6 in Westbrook's cohort. While referred to in this text as an 
Australian survey, it should be noted that the subjects for Westbrook's survey were 
drawn mainly from New South Wales and South Australia and only seven percent of the 
cohort were from Queensland. 
Despite the fact that half the subjects in the current cohort were below the age 
of 60. onl> 14 percent were in full-time paid employment and more than half of the 
subjects were retired. 
The demographic variable that probably has the largest influence on planning for 
health services for Queensland poliomyelitis survivors, is the geographic spread of post-
polio individuals throughout the state. In the current study, place of residence was 
classified according to the Queensland Health Service District in which each subject 
lived at the time of the survey. Almost half of the subjects were resident in the Brisbane 
metropolitan area. The remainder of the cohort was spread across 15 of the 39 Health 
Service Districts. The great majority of subjects were resident in South-east Queensland 
and only a very small number of subjects lived in Central and Northern Queensland. 
This distribution across the Health Service Districts does not reflect the distribution of 
members of the Queensland Post Polio Support Network. A significant proportion of the 
Network's membership is from Central and Northern Queensland (Appendix 10). The 
poor representation from Central and Northern Queensland in the study group may 
reflect the fact that subjects were recruited from those people registered with the trial 
Post Polio Clinic. Residents of Central and Northern Queensland possibly failed to 
register with the clinic because they perceived that they would not benefit from a clinic 
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based in Brisbane. 
The inferences regarding the Queensland post-polio population that can be made 
on the basis of the current findings are: 
- Poliomyelitis survivors span a range of age groups from 40 years and over but are 
predominantly in the 50 - 70 year age group. 
- There are a fairly even number of males and females with a slight female 
preponderance. 
While poliomvelitis surv Ivors appear to be concentrated in the south-east corner, 
there are probabl> a significant number of individuals living in regional and rural 
Queensland and their numbers will need to be established using appropriate 
methods. 
5.3 ACUTE POLIOMYELITIS HISTORY 
In an attempt to analyse how well the study group represented the total 
population of survivors of acute poliomyelitis in Queensland, the number of subjects 
was compared with the number of acute poliomyelitis cases notified each vear from 
1917 to 1975, using data from the Annual Reports of Health and Medical Services. The 
cohort shows a verv similar distribution to the total notifications group throughout the 
whole period, with a trend towards slightly greater representation in the later years. This 
probably reflects the fact that many victims of the earlier epidemics had already died by 
the fime of the survey. 
Acute poliomyelitis histories were also compared to those reported by 
Westbrook (1991) and several similarities were observed. The modal year in which 
subjects developed acute paralyfic poliomyelitis was 1951 in the present study and 1950 
in Westbrook's cohort. The year of onset of acute poliomyelitis infection ranged from 
1917 to 1961 in the present cohort compared to 1907 to 1962 in Westbrook's study. 
Also in agreement with Westbrook's findings, the distribution of age at onset was 
positively skewed, with 54 percent of the current cohort under the age of ten years, at 
the onset of acute poliomyelitis infection. In both studies the majority of subjects were 
hospitalised during the acute poliomyelitis illness and the distribution of hospital stay 
was positively skewed. 
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It is of interest to compare the initial severity of the poliomyelitis illness, in the 
current cohort, to findings in other questionnaire surveys of the Late Effects of 
Poliomyelitis. The severity of the acute poliomyelitis infection is often described by the 
extent of paral>lic involvement during the acute illness. To facilitate comparison, 
subjects in the present study were asked which parts of their bodies were affected during 
the acute poliomyelifis illness and were presented with the same list of body parts used 
by Westbrook (1991). In both studies the average number of body parts affected was 
nine. In agreement with the findings of other investigators, the lower limbs and back 
were more likely to be affected (Chetwynd et al, 1993 and Westbrook, 1991). 
The Klingman six-point index was found to be a useful measure of initial 
severity of poliomyelitis (Klingman et al. 1988). as it correlated highly with the number 
of body parts affected. The Klingman index suggests that the current cohort experienced 
relatively severe initial poliomyelitis, with 48 percent of subjects receiving a score of 
four or more. This indicated involvement of four or more major body parts during the 
acute illness. The severity of the acute illness that was found in the study group is not 
surprising considering that the subjects were recruited from a clinic waiting list and 
were therefore likely to have more severe residual deficits. The distribution of subjects 
in the six Klingman index categories was similar to the distribution reported by 
Westbrook (1991). 
Westbrook (1991) found no significant gender difference in age at onset of 
poliomyelitis or severity of initial illness. In the current study there was no significant 
gender difference in age at onset, but females were found to have a more severe initial 
illness (as measured by the Klingman index) and this difference was statistically 
significant. This supports an early study that found that women developed more severe 
poliomyelitis than men independent of age (Weinstein, 1957). 
It is well known that poliomyelifis was more severe among older age groups 
(Weinstein, Shelokov and Seltser, 1952). Thus, the statistically significant association 
between the age at onset of poliomyelitis and the acute clinical severity (as measured by 
the Klingman index) seen in this cohort, is in agreement with well documented trends. 
Respiratory paralysis during the acute poliomyelitis illness was reported by 26 
percent of the current cohort compared to smaller figure of 11 percent in the Danish 
survey by Lonnberg (1993). However, in the Australian survey by Westbrook (1991). 
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29 percent stated that their chests were affected during the acute illness. 
The many similarities regarding acute poliomyelitis histories between the 
current cohort and group studied by Westbrook (1991) facilitates comparisons between 
the two studies with respect to findings on the Late Effects of Poliomyelitis. 
5.4 EXPERIENCE OF POST-POLIO SYMPTOMS 
This study examined the types of new health problems that a clinic-based cohort 
of Queensland poliomvelitis survivors is currently experiencing. The main new health 
problems in poliomyelitis survivors, reported in the literature are fatigue, muscle 
weakness and pain (in joints or muscles). The present study supports these findings. 
Each of the symptoms of the Late Effects of Poliomyelitis was reported by a large 
proportion of the current cohort. The most frequent new symptoms were muscle 
weakness, unusual tiredness, joint pain and muscle pain and cramping and the 
proportions of subjects reporting each new symptom were in a similar range to those 
previously reported. Variations in the prevalence of specific symptoms, between 
studies, may be due to a number of factors including differences in acute severity, 
differences in distribution of age and gender, differences in medical care and survey 
design features. Table 5.1 lists the percentage of subjects reporting new symptoms and 
compares the current findings to those of four previous questionnaire surveys. 
5.4.1 WEAKNESS 
New weakness was the most common symptom experienced by subjects in the 
present study, and was reported by 87 percent. In previous questionnaire surveys, new 
weakness was reported by 60 - 87 percent of subjects. New weakness is the cardinal 
symptom of Post Polio Syndrome (Halstead, 1991). However, to make the diagnosis of 
PPS, Halstead (1991) stressed that the new weakness should not be due to disuse of 
muscles. Obviously it is not possible to make this differentiation using a mailed 
quesfionnaire survey. A more detailed interview and examinafion would be required to 
elucidate the cause of any new weakness. 
Table 5.1: Current findings regarding frequency of new symptoms compared to four 
previous questionnaire surveys of the Late Effects of Poliomyelitis. 
Authors 
Year of publication 
Halstead Lonnberg Wekre et Westbrook Current 
& Rossi al Study 
1 9 8 5 1 9 9 3 1998 1991 
Country U.S.A. Denmark Norway Australia Australia 
Number of responders 539 3607 1449 318 126 
Male/female ratio 
Response rate 
New Symptoms 
Fatigue 
Weakness 
Weakness of muscles 
previously affected 
Weakness of muscles 
previously unaffected 
Muscle pain 
Joint pain 
Muscle atrophy 
Walking changes 
Muscle cramps 
Sleep changes 
More headaches 
Breathing changes 
Voice changes 
Swallowing changes 
Increased tendency to 
fall 
Muscle twitching 
Pins and needles 
Numbness 
Sensory changes 
Concentration 
problems 
Personality changes 
Swelling of legs & 
feet 
Cold Sensitivity 
.68 
48.00% 
87.10* 
-
86.80 
76.80 
79.50 
79.30 
23.40 
-
-
42.10 
-
58.50 
17.50 
22.00 
-
-
-
-
34.70 
14.90 
-
-
.69 
76.50% 
48.3 
-
59.7* 
37.5 
43.6 
55.0 
-
-
-
-
26.8 
-
-
6.1 
-
-
44.4 
-
-
-
-
44.4 
46.1 
.78 
61.00' 
57 
-
85* 
58 
58 
58 
-
-
-
48 
-
41 
-
-
-
-
-
47 
-
39 
-
43 
62 
.34 
75.2 
78.6 
38.9 
55.7 
.83 
52.19 
79.36 
87.30* 
79.9* 
76.4 
27.6 
60.1 
43.5 
43.5 
29.7 
27.5 
18.4 
16.7 
42.9 
61.11 
79.36 
47.62 
69.05 
71.43 
49.21 
30.16 
38.89 
30.95 
26.98 
60.32 
50.00 
57.14 
* - most frequent symptom 
New weakness was reported, by 47 percent of subjects, to be in muscles that had 
previously been affected by poliomyelitis. However, a further 11 percent reported that 
the new weakness was in muscles that were not known to have been affected by 
poliomyelitis, while 42 percent reported that the new weakness was in both types of 
muscle. Many subjects annotated their questionnaires with comments such as "my good 
leg has started to get weaker". New post-polio weakness is commonly found in the 
"•good" limb which was felt to be spared, but actually had sub-clinical poliomyelitis. 
These, so-called "good limbs" often experience overuse while compensating for more 
involved limbs. Windebank and colleagues examined whether new weakness was 
present in muscles that had not been affected by poliomyelitis. No evidence was found 
to suggest that previously unaffected muscles later become weak. Subjects were 
unaware or had not been told that the particular muscle had been affected during the 
acute episode (Windebank et al, 1991). By definition, polio-related weakness does not 
occur in muscles that were never affected by poliomyelitis (Halstead, 1998c). Therefore, 
it is probable that subjects reporting new weakness in previously unaffected muscles 
may have had sub-clinical involvement of those muscles or are experiencing new 
weakness for some other reason for example, disuse. Clinical examination and EMG 
studies would be necessary to confirm this. 
New muscle atrophy has been previously reported to occur in 17-28 percent of 
post-polio subjects. A much higher frequency of 48 percent was found in the study 
group. It is unlikely that subjects in the present study were reporting atrophy that had 
been present since the acute illness, since a large majority of subjects reported the 
durafion of new atrophy to be less than ten years. 
5.4.2 FATIGUE 
Fatigue has been reported by 48 - 87 percent of subjects, in previous surveys of 
the Late Effects of Poliomyelitis. There are two types of fatigue, central and peripheral 
(Thorsteinsson, 1997). Central fatigue has been described as overwhelming exhaustion 
with occasional flu-like aching and a marked change in the level of energy, endurance 
and mental alertness. Central fatigue may also involve difficulty with memory and 
concentration and somnolence. It usually occurs every day and tends to progress during 
the day. Central fatigue is typicallv brought on by an accumulation of activities carried 
out previously on a daily basis without special effort or noticeable after-effects. Fatigue 
that occurs upon awakening often reflects sleep disturbances that can be caused by: 
musculoskeletal pain, restless leg syndrome or respiratory problems (Halstead. 1998c). 
The symptom checklist used in the Post Polio Clinic Questionnaire captured 
information on central fatigue bv asking subjects whether they were experiencing 
unusual tiredness. Unusual tiredness was reported by 79 percent of the study group. 
Peripheral fatigue is deflned as decreased muscular endurance and muscle 
fatigabilitv. Subjects were not questioned specifically about peripheral fatigue, but some 
of the subjects reporting muscle weakness may have been experiencing easy fatigability 
of muscles. More detailed questioning and physical examination would be required to 
confirm this. 
5.4.3 PAIN 
Pain in muscles and joints is the first or second most common symptom in the 
majority of clinical studies of the Late Effects of Poliomyelitis. Post-polio muscle pain 
has been described as a superficial burning or deep muscle ache, often associated with 
muscle cramps, fasciculations or sensitivity to touch. Post-polio muscle pain typically 
occurs when relaxing at the end of the day and is frequently made worse by physical 
activity, stress and cold temperatures (Halstead, 1998c). Muscle pain was reported bv 
61 percent of subjects in the Queensland cohort. The frequency with which muscle pain 
has been reported in previous questionnaire surveys has ranged form 43 to 80 percent. 
Muscle twitching or fasciculation was reported by 39 - 41 percent of subjects in 
previous questionnaire surveys and by 50 percent of the study group. Muscle cramps 
were reported by 71 percent of subjects in the present study, compared to a lower rate of 
43 - 48 percent in other questionnaire surveys. 
With residual weakness and chronic abnormal use of the limbs and trunk, many 
poliomyelitis survivors are predisposed to injury of joints, muscles, tendons, bursae and 
ligaments. Reports of joint pain in post-polio surveys have ranged from 55 to 80 
percent. In the current study, the figure for joint pain was 79 percent. Subjects were not 
quesfioned in detail about their pain and it is impossible to make anv conclusions about 
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the specific causes of muscle or joint pain. 
5.4.4 OTHER SYMPTOMS 
The remaining problems investigated, while less common, were all reported by 
considerable proportions of the Queensland cohort and have been reported by similar 
numbers of subjects in previous surveys, as shown in Table 5.1. It is of concern that 
new breathing problems were reported by 39 percent of subjects. Increased difficulty 
swallowing was reported bv 27 percent of the subjects and 31 percent noted changes in 
tome or loudness or quality of voice. These problems should all be investigated and 
managed as a matter of priority. 
5.4.5 INFLUENCE OF AGE, GENDER AND YEARS SINCE 
POLIOMYELITIS 
There was no statistically significant association between the current age of 
subjects and the presence or absence of each new symptom (with the excepfion of new 
atrophy). Therefore, the prevalence of individual new symptoms does not appear to be 
related to age. 
The prevalence of reported new health problems was also examined with 
respect to the number of years since acute poliomyelitis infection. Again, there were no 
significant associations between years since poliomyelitis and the presence or absence 
of each new symptom. 
There were no significant associafions between gender and the presence or 
absence of each individual new symptom. In the study by Westbrook (1991). women 
reported slightly more post-polio symptoms than males. In the survey by Halstead and 
Rossi (1985), there was no stafisfically significant gender bias for any of the problems 
invesfigated. although trends suggested that women were experiencing more problems 
than men. 
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5.4.6 ONSET AND DURATION OF SYMPTOMS 
The majority of subjects reported that post-polio symptoms had been present for 
less than 10 years. This means that the symptoms are of quite recent onset and cannot be 
considered as residual since the original polio illness. The only excepfions were muscle 
cramps and cold sensitivity, which were more commonly present for greater than 15 
years and may be residual symptoms of the original polio illness. The time course for 
the development of post-polio symptoms is fairly characteristic, as demonstrated by a 
number of studies. The average interval, from the acute poliomyelitis episode to the 
onset of new s\ mptoms, reported in various studies has ranged from 25 to 40 years 
(Ramlow et al, 1992; Codd et al, 1985). Westbrook (1991) found that the average fime 
between the initial poliomyelitis infection and the onset of new problems was 32.9 
years, in an Australian cohort. The current cohort had an average poliomyelitis/post-
polio latency of 39.49 years. Thus, the pattern for development of new symptoms, found 
in the Queensland cohort, follows trends found in other post-polio populafions. 
In summary, the experience of Queensland poliomyelitis survivors, with respect 
to the type, frequency and onset of new symptoms is remarkably similar to the 
experience of poliomyelitis survivors previously surveyed in other parts of Australia 
and the world. 
5.4.7 SEVERITY OF POST-POLIO SYMPTOMS 
There are currently no standardised or widely agreed upon classificafions of 
severity of post-polio problems. Lonnberg (1993) suggested a post-polio index based on 
the new symptoms of weakness and physical dysfunction. The Post-polio index (PPI) 
was found to be a useful measure of the severity of post-polio symptoms in the present 
study. 
Lonnberg (1993) found a close correspondence between the PPI and all of the 
other symptoms studied in the Danish nation-wide survey. The lowest frequencies for 
each symptom were found in index group I and the highest in index group IV. In the 
current study, a statistically significant association was found between the PPI and the 
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presence or absence of each new symptom, with the exception of new breathing 
problems and increased headaches. This finding lends support to Lonnberg's assertion 
that the two index defining symptoms (weakness in muscles previouslv affected or 
previously unaffected and physical dv sfunction) give sufficient information to delineate 
and describe poliomyelitis surv Ivors in relation to new health problems. 
The studv group showed a relatively high severity of post-polio problems on the 
basis of the PPI. with onlv ten percent of subjects falling into PPI group 1 (i.e. no new 
weakness or physical dvsfunction). The majority of subjects (67 percent) were classified 
as PPI group II or III. 
With increasing age there was an increase in the proportion of subjects in index 
groups III and IV. This suggests an increase in the severity of post-polio symptoms, as 
measured bv the PPI. with increasing age. which is in agreement with the findings of 
Lonnberg (1993) in the large Danish survey. Lonnberg (1993) also reported an 
increasing severitv of post-polio problems, as measured by the PPL the lower the 
male/female ratio. The same correspondence between the PPI and gender was found in 
the present cohort. 
The use of standardised methods for classification of post-polio problems would 
facilitate comparisons between studies examining prevalence and progression of post-
polio problems and risk factors for their development. Lonnberg (1993) proposed the 
PPI as a meaningful and simple screening tool for the Late Effects of Poliomyelitis and 
the current findings lend support to this. 
5.4.8 RISK FACTORS 
This study included an analysis of risk factors associated with increasing 
severity of new post-polio symptoms. In the individual analyses, subjects with greater 
current age and greater acute clinical severity (as measured by the Klingman index) had 
an increased probability of being in the high severity class (PPI of 111 or IV). The 
results of the multivariate analyses suggest that current age and the Klingman index are 
substitutable risk factors. This means that it is unlikely that they are both causal agents, 
however, it does not give any information about which, if either, of them might hav e a 
causal link with increased severity of post-polio symptoms. While current age shows the 
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strongest relationship with increased severity of post-polio symptoms, this does not 
necessarily mean that it is the most likely causal agent. 
A number of other survcvs of new health problems in survivors of poliomvelitis 
have included an analysis of potential risk factors. On the basis of these studies, the 
severity of the acute illness appears to be an important risk factor and the findings of the 
current study lend some support to this. It is difficult to compare findings regarding risk 
factors between the various survevs due to major methodological differences. Several 
studies have examined the relationship between risk factors and the presence of PPS. No 
attempt was made in the current studv to diagnose subjects with respect to the presence 
or absence of PPS. The onlv other study which reported the relationship between 
potential risk factors and the severitv of post-polio symptoms, as measured by the PPI. 
was the large Danish survev bv Lonnberg and Madsen (1993). In agreement with the 
present study, Lonnberg and Madsen (1993) found a significant relationship between 
the severitv of post-polio symptoms, as measured by the PPI, and current age and acute 
clinical severitv. However, Lonnberg and Madsen also found a significant relationship 
between the PPI and gender, which was not supported by the current findings. 
5.5 IMPACT OF POST-POLIO SYMPTOMS ON ACTIVITIES OF 
DAILY LIVING, LIFESTYLE AND EMPLOYMENT 
This study examined the possible impact of post-polio symptoms on 11 
Activities of Daily Living (ADLs). The current level of independence with ADLs was 
compared with performance during the maximal recovery period. In studies on 
disability in subjects with post-polio symptoms, the impact has mainly been on mobility 
related acfivifies such as walking and stair climbing (Willen and Grimby. 1998). The 
study group frequently reported decreased independence with heavy household tasks, 
stair climbing, using public transport, bathing and walking. 
The average number of ADL's in which performance had declined, between the 
maximal recovery period and the time of the survey was 2.5. This is comparable to the 
finding of Westbrook (1991). that the average respondent reported a decline in 2.9 
ADLs. 
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Sixty-eight percent of Westbrook's cohort were finding it harder to climb stairs 
compared to 42 percent of the current cohort. In Westbrook's study, 31 percent were 
finding it harder to take a bath or shower compared to 30 percent of the study group 
who reported a decreased lev el of independence. In the present study, 30 percent of 
subjects were less independent with walking compared to 55 percent of Westbrook's 
cohort who found walking on level surfaces harder. 
The current data is probablv an underestimate of the impact of post-polio 
symptoms on ADLs because the PPC questionnaire only detected those subjects 
requiring an increased level of assistance from others. The questionnaire did not capture 
information on those subjects who were performing at the same level of independence, 
but were finding activities harder to complete. Annotations on the questionnaire 
indicated that there were significant numbers experiencing increased difficulty with 
ADLs but whose independence level, as measured in this study, did not change. 
Notable changes were found in the pattern of use of assistive devices, between 
the period of maximal recovery and the time of the survey. The proportion of subjects 
who could walk independently without an aid decreased from 75 percent at maximum 
recovery to 52 percent at the time of the survey. In the study by Westbrook (1991) the 
percentage that could walk independently decreased from 47 to 41 percent. Fift\ percent 
of the study group reported using a different type of walking aid, or different 
combination of walking aids, at the time of the survey compared to that used during the 
period of maximal recovery. The percentage of subjects depending on one or more 
assisfive devices to walk increased from 30 percent during the maximum recovery 
period, to 53 percent at the time of the survey. An increased reliance on technical aids 
was also found by Wekre et al (1998) in the large Norwegian questionnaire survey. 
The proportion of subjects in the Queensland cohort using a manual w heelchair 
increased from five to 20 percent. Wekre et al (1998) found that the number of subjects 
using a manual wheelchair increased from ten percent in the maximal recovery period to 
20 percent currently. The number of subjects using an electric wheelchair trebled in the 
Norwegian survey. Powered wheelchair use increased from 0.83 percent to 7.5 percent, 
in the present study. 
The use of respiratory aids more than doubled from the stable phase to the 
125 
present phase in the Norwegian survey (Wekre et al, 1998). In the present study, no 
subjects were using a respiratorv assistive device during the maximal recovery period, 
but two subjects reported that they currently use such a device. 
It is of significant concern that a large proportion of the Queensland cohort 
reported that post-polio symptoms were making an impact on their employment and 
lifestyle. Of those subjects in the workforce, 67 percent reported making changes to 
their employment (e.g. reduced hours of work) due to the Late Effects of Poliomyelitis. 
A major finding was that 83 percent of subjects had made lifestyle changes (changes to 
house care activities, recreation, and/or social activities) as a result of post-polio 
symptoms. Westbrook (1991) had previously reported 73 percent of an Australian 
cohort had described lifestyle changes that they had made as a result of their svmptoms. 
In that study. 35 percent of subjects stated that they had to make some change regarding 
their employment because of post-polio symptoms. Wekre et al (1998) also reported a 
notable impact on employment with the proportion of full-time workers decreasing from 
65 percent in the stable phase to 32 percent at the time of the survey. 
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5.6 HEALTH SERVICES FOR POLIOMYELITIS SURVIVORS 
IN QUEENSLAND 
This study has demonstrated that a clinic-based cohort of the poliomyelitis 
survivor population in Queensland experiences significant levels of impairment and 
disability. The experience of post-polio symptoms and their impact is similar in the 
Queensland cohort to the experience of other poliomyelitis survivor populations 
throughout the world. The implications of these findings for the delivery of health 
services in Queensland will now be discussed and recommendations for future service 
provision will be presented 
5.6.1 NEEDS IDENTIFIED 
To determine the need for health services for Queensland poliomvelitis 
survivors, the following information is crucial: 
- an esfimate of the number of poliomyelitis survivors in Queensland 
- demographic characteristics of the poliomyelitis survivor population, 
particularly age and geographic location 
- an esfimate of the proportion of poliomyelitis survivors with polio-related 
impairments and disabilities 
Each of these aspects will now be discussed in relation to the findings of the current 
survey. 
The number of survivors of paralytic poliomyelitis currentlv living in 
Queensland is not known, as there is no state or national registry of persons who were 
diagnosed with the disease. It is known that between 1917 and 1975, 3850 cases of 
poliomyelifis were notified in Queensland (Queensland Annual Reports of Health and 
Medical Services). This figure is probably an underestimate due to incomplete 
recording, particularly during the second world war years when epidemics were noted in 
other parts of Australia but very few cases were actually recorded for Queensland (Hall. 
1993). We have no information on how many poliomyelitis survivors have subsequently 
died or on how many immigrants, refugees or people who have moved to Queensland 
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from interstate have a history of poliomyelitis. An unpublished survey conducted by the 
Queensland Post Polio Support Group Network identified 1303 people living in 
Queensland who had suffered poliomyelitis in the past (Post Polio Support Queensland, 
1995). The Queensland Post Polio Support Group Network currently has 701 members 
who state they have had poliomyelitis in the past. However, many more make contact 
with the Network requesting information and access to assessment and management of 
their condition (personal communication). 
Halstead (1998a) estimated a prevalence of paralytic poliomyelitis survivors of 
270 per 100 000, in the United States. The reported prevalence in Norway is 250 per 
100,000 (Gilhus, 1998). Assuming an approximate prevalence of 250 per 100,000 in 
Queensland, whose population is just over 3.5 million, this would lead to an estimate of 
about 8750 people currently living in Queensland, who had suffered paralytic 
poliomyelitis in the past. 
The second requirement for service planning was to gather demographic 
information on the post-polio population in Queensland. This study has provided 
important information on the demographic characteristics of a cohort of the Queensland 
poliomyelifis survivor population. A larger study using different sampling techniques 
might gain further information with respect to demographics. 
The final piece of information required to gauge the extent of services required 
is an estimate of the proportion of poliomyelitis survivors with polio-related 
impairments and disabilities. As discussed previously, the clinic-based cohort examined 
in this study was not a representative sample of the total poliomyelitis survivor 
population. How representative the study findings are of the larger population of 
poliomyelitis survivors in Queensland is not known. It was also beyond the scope of this 
project to determine the proportion of the study group meeting the diagnostic criteria for 
Post Polio Syndrome. 
A small number of studies, that have drawn their samples from a well-defined 
populafion of poliomyelitis survivors, have attempted to idenfify the prevalence of Post 
Polio Syndrome in people who have recovered from acute paralytic poliomyelitis. 
Estimates of the percentage of people who had acute paralytic poliomyelitis and now 
have PPS range from 22 to 64 percent. It is not known how frequently the symptoms 
reported in these surveys occur in a representative sample of the general population 
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matched for age and sex. More careful population-based research is required to clarify 
these issues. 
Using a conservative figure of 30 percent and assuming that there are 8750 
poliomyelitis survivors in Queensland, would suggest there are currently about 2625 
people in the state who mav be diagnosed with Post Polio Syndrome. Such numbers 
clearlv have implications in terms of the provision of appropriate health services. 
It is important to recognise that it is not just those individuals meefing the 
diagnostic criteria for PPS who require health services. It must be remembered that PPS 
is now considered to be a sub-categorv of the Late Effects of Poliomyelitis (Maynard 
and Headley. 1999). The Late Effects of Poliomyelitis also incorporates all those 
symptoms that can be attributed directly to damage caused by the poliovirus. such as 
residual weakness, musculoskeletal imbalance, growth retardation and skeletal 
deformities of affected limbs, respiratory insufficiency or cold intolerance due to 
circulatory disturbances. It also encompasses all those symptoms that result from 
secondary trauma, such as compression neuropathy, degenerative arthritis of joints that 
have been over-stressed due to compensatory body mechanics and other repetitive 
motion problems such as tendonitis, bursitis and failing joint fusions. So post-polio 
individuals have varying degrees of residual impairments, regardless of the presence of 
new symptoms such as weakness and fatigue. 
Post-polio individuals also have a number of unique characteristics which must 
be considered by health professionals, for example, their exaggerated reaction to 
anaesthesia and muscle relaxants and their prolonged post-operative recovery times 
(Halstead, 1998c). All of these aspects must be considered in the differential diagnosis 
and management of persons with a history of poliomyelitis. 
As poliomyelitis survivors are an ageing group and the majority of survivors are 
currently between 50 and 70 years of age, it can be expected that their need for health 
services will increase over the next two to three decades. If worldwide eradication of 
poliomyelitis is achieved then this group will eventually disappear. However the lessons 
that can be learned from studying and managing people ageing with poliomyelitis may 
be applicable to many other groups ageing with neurological and orthopaedic 
conditions. 
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5.6.2 EXISTING SERVICES 
In the last 20 years, the development of clinical services for people with the late 
effects of paralytic poliomyelitis has been rapidly accelerating, mainly in North 
America and Europe. 
Walker (1998) used a questionnaire survey to examine the Late Effects of 
Poliomyelitis in Nova Scotia. This is one of the few regions in Canada without a Post 
Polio Assessment Clinic. Walker (1998) found that a considerable number of survivors 
had not been referred to appropriate health professionals and that health professionals 
were perceived as not understanding their expression of problems. Walker concluded 
that more health resources were needed in the region to meet the needs of poliomyelitis 
survivors and recommended the establishment of a specialist clinic. Westbrook (1991) 
stated that a constant theme in the responses of a group of Australian post-polio 
subjects, was the desire to find a health professional who understood their condition and 
who could be consulted about recurring health problems. 
In Australia, specialist services for poliomyelitis survivors are only just 
beginning to develop. A multidisciplinary Post Polio Clinic was established at St 
Vincent's Hospital in Melbourne in 1998 and another multidisciplinary Post Polio 
Clinic is currently being established in South Australia. In other states, there are a small 
number of practitioners, with an interest in the Late Effects of Poliomyelitis, providing a 
variety of services. 
Few health professionals in Queensland receive any education about the Late 
Effects of Poliomyelitis. It is clear from annotations on the questionnaires that many 
Queensland poliomyelitis survivors are frustrated by a perceived lack of understanding 
of their specific needs by health professionals and the unhelpful treatment that thev have 
received. 
Queensland has had no focal point for this condition, with people accessing 
public and private services randomly and ineffectively. In 1998, the Rehabilitation 
Services Advisory Panel recommended that a trial Post Polio Clinic be established. The 
trial Post Polio Clinic was based in the Day Therapy Unit, Queen Elizabeth II Jubilee 
Hospital, Brisbane and was launched on the first of November, 1998. The trial Post 
Polio Clinic was closed in June 1999 and to this date has not received ongoing funding. 
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The only other services for survivors of poliomyelitis in Queensland are: 
Post Polio Support Group Network (an activ itv of The Paraplegic and Quadriplegic 
Association) which co-ordinates support groups throughout Queensland and collates 
information about the Late Effects of Poliomyelitis that is available to the public. 
Better living program: an educational program for survivors of poliomvelitis 
organised bv Queensland Universitv of Technologv, supported by the Post Polio 
Support Group Network with input from the staff of the Queen Elizabeth II Jubilee 
Hospital Trial Post Polio Clinic. 
Poliomvelitis survivors who are experiencing problems due to the Late Effects 
of Poliomyelitis are a growing segment of the population and it is important to ensure 
their health needs are appropriately met. 
5.6.3 RECOMMENDATIONS FOR FUTURE SERVICE PROVISION 
This studv has found significant levels of impaimient and disabilitv in a clinic-
based cohort of the Queensland poliomyelitis survivor population. A significant unmet 
clinical need has been identified for this client group. Recommendations for future 
service provision will now be presented. 
1. Queensland Health recognises the need for a specialist service for people, living in 
Queensland, who are experiencing the Late Effects of Poliomyelitis and prov ides 
support for the establishment of a service. 
2. The preferred model of care is a Mulfi-disciplinary Post Polio Assessment Clinic 
based at a rehabilitation facility in Brisbane, initially on a 12-month basis. The clinic 
would provide expert assessment and management recommendations. Ongoing 
management would be provided in the client's nearest appropriate health care 
facility and the clinic staff would provide education and advice to healthcare 
professionals as required. 
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The core staff of the clinic would be: 
One full-time equivalent (FTE) physiotherapist (Professional Officer Level 3) 
One FTE occupational therapist (Professional Officer Level 3) 
0.5 FTE social worker (Professional Officer Level 3) 
Consulting medical specialist, fhe Medical (Officer would be contracted for 
specific clinic sessions. 
0.5 FTE administrativ e assistant 
Consulting orthotist for specific clinic sessions 
Clients would be referred on to other medical and allied health staff as appropriate. 
It is anticipated that referrals would be regularly made to neurologists, respiratorv 
physicians, podiatrists, psychologists, dieticians and speech pathologists. Formal 
links with these serv ices will need to be established. 
3. Incorporate an Outreach Post Polio Assessment Service aimed at assessing clients 
living in non-metropolitan areas. 
An outreach service would promote timely access to appropriate health care 
services and expertise for Queensland residents in rural and provincial areas. 
Analysis of the clinic contact list suggests the appropriate sites for outreach 
clinics include: Sunshine Coast; Gold Coast; Redcliffe; Toowoomba and 
Warwick. 
The Outreach Post Polio Assessment Service would be located within existing 
District Health Service facilities. 
4. The number of clinic contacts from North and Central Queensland are not large 
enough to warrant Outreach Clinics in those regions. It is predicted that the number 
of potential clients in these areas would increase dramatically with appropriate 
advertising. 
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Other options that should be investigated include: 
The use of telemedicine 
- Access to the Patient Transport Assistance Scheme to facilitate attendance at the 
Brisbane-based Post Polio Assessment Clinic. 
5. Forecast the future demand for health services in Queensland for survivors of 
poliomvelitis 
Obtain more accurate data on the prevalence of the Late Effects of Poliomyelitis in 
Queensland and its impact on service delivery by maintenance of a database of 
poliomvelitis survivors. The full time clinic staff could maintain this database. 
6. Promote statewide awareness of the Late Effects of Poliomyelitis in the kev 
stakeholder groups. 
Develop and implement a training program for health professionals in 
recognition, assessment and management of the Late Effects of Poliomyelitis. 
Groups to be targeted should include General Practitioners. Allied Health 
Professionals and Rehabilitation Specialists. 
Develop and implement a communication plan to effectively reach all kev 
stakeholders with special emphasis on poliomyelitis survivors and health 
professionals in rural and provincial centres. 
Seek involvement of interested community groups in raising the public's 
awareness of the Late Effects of Poliomyelitis. 
Develop a network of health services within the existing framework of 
Queensland Health to provide a range of co-ordinated treatment options. 
7. Conduct an evaluation following completion of the 12-month program to detemiine 
the need for ongoing specialist services for this patient group. 
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5.7 FUTURE RESEARCH 
This study was a preliminary investigation into the Late Effects of Poliomyelitis 
in Queensland. Future physiotherapy research regarding the Late Effects of 
Poliomyelitis in Queensland could follow a number of courses. A more detailed survey 
incorporating interviews and physical examinations could confirm the findings of the 
present study and allow categorisation of subjects with respect to the presence of the 
Post Polio Syndrome. While a more detailed clinical survey is warranted, this should 
not delay attention being paid to a number of identified issues. Physiotherapists should 
also become involved with research to define the role of exercise in the post-polio 
individual. If funding were provided to establish a Post Polio Clinic then a clinical study 
could be undertaken to examine the impact of a specialist clinic on the Queensland 
population of poliomyelitis survivors. Some specific questions that could be considered 
include: 
Are the activity levels and confidence in mobility of people with a history of 
poliomyelifis being maintained or improved by the interventions of the clinic? 
Is quality of life being affected? 
- Is the number of falls being reduced? 
Are clients satisfied with the service? 
Benchmarking of the service could also be undertaken against other Post Polio 
Assessment Clinics in Australia and worldwide. 
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CHAPTER 6 
CONCLUSION 
This study has contributed to knowledge regarding the Late Effects of 
Poliomyelitis in Queensland. A postal questionnaire was used to examine the experience 
of the Late Effects of Poliomvelitis, by a clinic-based cohort of the Queensland 
population of poliomvelitis surv Ivors. 
The studv has demonstrated that the Queensland cohort experiences significant 
levels of impairment and disability. The study group reported all of the typical 
symptoms of the Late Effects of Poliomyelitis in high frequencies. The most frequent 
new symptoms were muscle weakness, unusual tiredness, joint pain, muscle pain and 
muscle cramps. The proportions of subjects reporting each new symptom were in a 
similar range to those previously reported for other poliomyelitis survivor populations 
throughout the world. This study also found evidence for an increased need for assistive 
devices and assistance with Activities of Daily Living and significant impacts of post-
polio symptoms on the lifestyle and employment of people with a history of 
poliomyelitis. The study has also contributed to the body of research aiming to clarify 
the risk factors for the development of post-polio symptoms. 
It has been estimated that there may currently be about 2600 people in the state 
who meet the diagnostic criteria for Post Polio Syndrome and many more who are 
experiencing the Late Effects of Poliomyelitis. A significant unmet clinical need has 
been identified for this client group. It has been recommended that a multidisciplinary 
Post Polio Clinic be established in Queensland, where people with a past history of 
poliomyelitis can be assessed for their health and related needs, offered expert adv ice 
and be directed to appropriate services in their local area for ongoing management. An 
urgent need for training of health professionals around Queensland, regarding the Late 
Effects of Poliomyelitis, has also been identified. 
Physiotherapists have valuable skills to contribute to the multidisciplinary 
assessment and management of individuals experiencing the Late Effects of 
Poliomyelitis. There is a role for physiotherapists as leaders in the development of 
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specialist services for the survivors of poliomyelitis and in the training of other health 
professional groups regarding the Late Effects of Poliomyelitis. This study has initiated 
research into the Late Effects of Poliomvelitis in Queensland and it is hoped that it will 
provide a baseline from which further clinical research will extend. 
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APPENDICES 
Appendix 1 The Post Polio Clinic Questionnaire 
INSTRUCTIONS 
Most questions can be answered bv placing a tick in the appropriate [ ]. A few questions 
require that >ou write in your answer. If vou wish to comment on any questions or to 
qualify your answer, please feel free to use the margins or to write on a separate sheet. 
Your answers to the questionnaire will be completely confidential. 
We would like to start bv asking a few questions about your background. 
1. Are you?: [ ] MALE [ ] FEMALE 
2. What is your birth date?: Day Month Year 
3. What is your current marital status? 
[ ] Married / permanent relationship 
[ ] Single 
[ ] Separated / divorced 
[ ] Widowed 
4. How many children do you have? 
5. What is your current employment status? 
] Paid employment full-time 
] Paid employment part-time 
] Unpaid employment (volunteer; home duties) 
] Study 
] Retired 
14: 
We would now like to ask you about the time when you were ill with polio. 
6. Which year did you develop polio? 19 
7. What was your age at the onset of polio? years old. 
8. Did you contract polio in Australia? [ ] NO []YES 
9. Did vou have to spend anv time in hospital when you developed polio? 
[ ] NO n YES 
10. How long did vou stav in hospital'.' 
DAYS MONTHS YEARS 
(If vou were in several hospitals or in a hospital and a convalescent home please 
state the time from when vou were first hospitalised until you returned home.) 
11. During the acute phase in your illness with polio, did you have any respiratory 
paralysis? 
[] NO (if no, goto 13) 1] YES 
12. If yes. did vou require any form of respiratory support (ie. an iron lung. 
rocking bed?) 
[ ] NO [ ] YES 
13. Which parts of your bodv were affected during your original polio illness? 
1 ] Head, neck, face 
1 ] Chest 
1 ] Back 
[ ] Abdomen 
1 ] Left buttock 
1 ] Right buttock 
[ ] Left shoulder 
[ ] Left arm 
[ ] Left hand 
[ ] Right shoulder 
[ ] Right arm 
[ ] Right hand 
] Left thigh 
] Left lower leg 
] Left foot 
] Right thigh 
] Right lower leg 
] Right foot 
[ ] Don't know / cannot remember 
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We would now like to ask you about the period of your life when you were 
maximally recovered from polio. 
This was the time w hen you achieved your best ever level of strength and function. 
14. When was your maximum recoverv from polio? 
Which vear were vou maximally recovered ? 19 
What was vour age'.' years old. 
15. At that time, were am parts of your body weak, paralysed or atrophied (decreased 
in size) because of the effects of polio? 
[ ] NO (Please go to Q. 17) [ ] YES (Please confinue on to Q. 16) 
16. Which parts of >our body still showed affects from polio when you were maximally 
recovered (ie at vour best ever level of strength)? 
[ ] Head, neck, face 
[ ] Chest 
[ ] Back 
[ 1 Abdomen 
1 ] Left buttock 
1 ] Right buttock 
] Left shoulder 
] Left arm 
] Left hand 
] Right shoulder 
] Right arm 
] Right hand 
] Left thigh 
] Left lower leg 
] Left foot 
] Right thigh 
] Right lower le^  
] Right foot 
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17. What was your ability to perform everyday activities when you 
were maximally recovered? 
This was how you used to do things when you were at your best 
ever level of strength and function. 
Getting dressed Please tick one 1J only. 
Independent 
Independent with the use of an assistive device or aid 
Need light assistance (1 helper onl\) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
Getting in or out of bed Please tick one [ ] only 
Independent 
Independent with the use of an assistive device or aid 
Need light assistance (1 helper only) 
Need maximum assistance (1-2 helpers) 
Impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
Feeding yourself Please tick one [ ] only. 
Independent 
Independent with the use of an assistive device or aid 
Need light assistance (1 helper only) 
Need maximum assistance (1 -2 helpers) 
impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
Taking a bath or shower Please tick one [ ] only. 
[ ] independent 
[ ] independent with the use of an assistive device or aid 
[ ] Need light assistance (i helper only) 
[ ] Need maximum assistance (1-2 helpers) 
[ ] impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
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Using the toilet Please tick one I ] only 
] independent 
] independent with the use of an assistive device or aid 
] Need light assistance (1 helper onlv) 
] Need maximum assistance (1 -2 helpers) 
] impossible 
What aid(s) or assistive device(s) did you use to get dressed? 
Walking on level surfaces Please tick one 1 \ only. 
] independent 
] independent w ith the use of an assistive device or aid 
] Need light assistance (I helper onlv) 
] Need maximum assistance (1 -2 helpers) 
] impossible 
What aid(s) or assistive device(s) did vou use to get dressed? 
Climbing stairs Please tick one [ ] only. 
independent 
Independent w ith the use of an assistive device or aid 
Need light assistance (1 helper only) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid(s) or assistive device(s) did you use to get dressed'^  
Driving a car Please tick one 1 ] only. 
independent 
independent with the use of an assistive device or aid 
Need light assistance (I helper only) 
Need maximum assistance (i-2 helpers) 
Impossible 
What aid(s) or assistive device(s) did you use to get dressed? 
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Using public transport Please tick one [ j onlv 
independent 
independent with the use of an assistive device or aid 
Need light assistance (1 helper onlv) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid(s) or assistive device(s) did vou use to get dressed? 
Light household tasks (eg food preparation) Please tick one 11 
independent 
independent w ith the use of an assistive device or aid 
Need light assistance (1 helper onlv) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid(s) or assistive devicc(s) did you use to get dressed? 
onlv. 
Heavy houshold tasks (eg vacuuming) Please tick one [ 1 only. 
independent 
independent with the use of an assistive device or aid 
Need light assistance (i helper only) 
Need maximum assistance (i-2 helpers) 
impossible 
What aid(s) or assistive dev ice(s) did you use to get dressed'^  
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We would now like to ask vou about > our current state of health and function. 
18. Have vou ever suffered from the following health problems? 
Condition 
Stroke 
Diabetes 
Heart disease 
Blood V esscl disease 
Arthritis 
ALS (motor neurone 
Multiple sclerosis 
Muscular dv stroph) 
High blood pressure 
Chronic lung disease 
Osteoporosis (brittle 
disease) 
bones) 
N 0 [ 
N 0 [ 
NOt 
NOl 
N 0 [ 
N 0 [ 
N 0 [ ; 
N O I J 
N 0 [ ] 
N 0 [ ] 
N 0 [ ] 
1 YES [ ] 
I YIS 1 ] 
1 VES [ ] 
1 YES[] 
1 YES[] 
YES n 
YES[] 
YES[] 
YES[] 
YES[] 
YES[] 
19. Have vou ever suffered a major physical injurv. such as in an auto accident, a 
fall, or an industrial accident? NO [ ] YES [ ] 
20. Do you have a problem with new or increased pain in any of your muscles? 
[] NO (Please go to 22) 
[ ] YES (Please continue on to 20) 
21. If you are now having a problem with new or increased pain in vour muscles, for 
about how long have you been experiencing this problem? 
[ ] Less than 1 year 
[ ] 1 -2 years 
[ ] 3 - 5 years 
[ ] 6 - 10 years 
[ ] 11 - 15 years 
[ ] More than 15 years (please estimate how long: vears) 
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22. In which tvpc(s) of muscles does vour problem of pain occur? 
[ ] Muscles that vou know were affected by polio 
[ ] Muscles that >ou think were not affected by polio 
23. Do you have a problem with new or increased weakness in any of your muscles? 
[ ] NO (Please go on to 26) 
[ ] YES (Please continue on to 23) 
24. If you are hav ing a problem with new or increased weakness in any of vour muscles, 
for about how long hav e v ou been experiencing this problem? 
[ ] Less than 1 v car 
[ ] 1 -2 V ears 
[ ] 3 - 5 _v ears 
n 6 - 1 0 years 
[ ] 1 1 - 1 5 years 
[ ] More than 15 years (please estimate how long: years) 
25. In which tvpe(s) of muscles does your problem of weakness occur? 
[ ] Muscles that you know were affected by polio 
[ ] Muscles that you think were not affected by polio 
26. Please tick those parts of the body that are now weak or paralysed or have decreased 
muscle bulk: 
] Head, neck, face 
] Chest 
]Back 
] Abdomen 
] Left buttock 
] Right buttock 
[ ] Left shoulder 
[ ] Left arm 
[ ] Left hand 
[ ] Right shoulder 
1 ] Right ami 
[ ] Right hand 
] Left thigh 
] Left lower leg 
] Left foot 
] Right thigh 
] Right lower leg 
] Right foot 
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27. Some people who had polio experience symptoms of various kinds years after they 
achieved their maximum recoverv from the effects of the disease. Please check "Yes" 
or "No" whether vou are now experiencing each of the following symptoms. Por each 
symptom that vou mark as "\ 'es". please indicate about how long, in months or vears 
vou have been noticing the symptoms. 
Yes Muscle twitching No 
Muscle cramps No 
Muscle getting smaller No 
(atrophv) 
Pain in Joints No 
Unusual tiredness No 
New problem w ith breathing No 
Increased sensitivity to cold No 
Increased tendencv to fall No 
Increase in number or 
severitv of headaches No 
Changes in sleep patterns No 
Change in wa> you walk No 
Increased difficulty No 
swallowing 
Change in tone or loudness or 
quality of voice No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
28. What were the first post polio symptoms that you were aware of.^  
What year was that? 
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29. Have you noticed anv significant change in your weight over the last 10 years? 
NO [] Yi:s [] 
30. Did vou hav e to use a respiratorv assistive dev ice, such as ventilator or rocking bed 
when vou were maximallv recovered? I ] NO 1 ] YES 
Do you use one now? 1 ] NO 1 ] YES 
31. Did vou have to use a wheelchair when you were maximally recovered? 
UNO 
[ ] YES -^ please circle which type: manual/powered 
Do you use a wheelchair now? 
[ ] N 0 
[ ] YES —> please circle which type: manual/powered 
32. What is you current ability to perform everyday activities? 
Getting dressed Please tick one 1 ] only. 
independent 
independent w ith the use of an assistive device or aid 
Need light assistance (I helper onl\) 
Need maximum assistance (1-2 helpers) 
Impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
Getting in or out of bed Please tick one 1 ] only 
independent 
independent with the use of an assistive device or aid 
Need light assistance (i helper only) 
Need maximum assistance (1 -2 helpers) 
impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
Feeding yourself Please tick one 1 ] only. 
independent 
independent with the use of an assistive device or aid 
Need light assistance (1 helper only) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
Taking a bath or shower Please tick one 1 ] only 
independent 
independent with the use of an assistive device or aid 
Need light assistance (i helper only) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid (s) or assistive device(s) did you use to get dressed? 
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Using the toilet Please tick one 1 ] only. 
] independent 
] Independent with the use of an assistive device or aid 
] Need light assistance (i helper only) 
] Need maximum assistance (1-2 helpers) 
] impossible 
What aid(s) or assistive dev icc(s) did you use to get dressed? 
W a l k i n g o n leve l s u r f a c e s Please tick one 1 J only. 
] independent 
] independent with the use of an assistive device or aid 
] Need light assistance (1 helper only) 
] Need maximum assistance (1-2 helpers) 
] impossible 
What aid(s) or assistive device(s) did you use to get dressed? 
Climbing stairs Please tick one [ ] only. 
independent 
independent w ith the use of an assistive device or aid 
Need light assistance (1 helper only) 
Need inaximum assistance (1-2 helpers) 
impossible 
What aid(s) or assistive device(s) did you use to get dressed? 
Driving a car Please tick one 1 ] only. 
independent 
Independent with the use of an assistive device or aid 
Need light assistance (I helper only) 
Need maximum assistance (i-2 helpers) 
impossible 
What aid(s) or assistive device(s) did you use to get dressed? 
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Using public transport Please tick one | 1 only 
independent 
independent with the use of an assistive device or aid 
Need light assistance (i helper onlv) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid(s) or assistive dev ice(s) did vou use to get dressed? _ 
Light household tasks (eg food preparation) Please tick one I 1 only 
independent 
independent w ith the use of an assistive device or aid 
Need light assistance (1 helper onlv) 
Need maximum assistance (1-2 helpers) 
impossible 
What aid(s) or assistive device(s) did vou use to get dressed? 
Heavy houshold tasks (eg vacuuming) Please tick one [ ] only. 
independent 
independent w ith the use of an assistive device or aid 
Need light assistance (I helper only) 
Need maxiinum assistance (I -2 helpers) 
impossible 
What aid(s) or assistive dev ice(s) did >ou use to get dressed? 
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33. Have you had to make any changes regarding your employment because of post-
polio symptoms? (eg. reduce hours of work?) 
[] YES 
U N O 
[ ] NOT APPLICABLE as not employed 
34. Have you had to make any changes regarding your life style (eg. house care 
activities, recreation, social activities), as a result of post-polio symptoms? 
NO [] YES 1 ] 
If yes, specifv changes 
35. Have any changes in your life style helped relieve your symptoms? 
NO [] YES[] 
If yes. list these changes? 
36. Please use the following space to describe, in your own words, any new symptoms 
or problems you may be having now, that you feel are related to your polio and that you 
feel have not been considered in this questionnaire. 
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Appendix 2 Post Polio Clinic Screening Questionnaire 
INSTRUCTIONS 
Most questions can be answered bv placing a tick in the appropriate [ ] or bv entering a 
number on the lines provided. A few questions require that you write in vour answer. 
Some questions have more than one part. If you wish to comment on any questions or 
to qualifv >our answer, please feel free to use the margins or to write on a separate 
sheet. Your answers to the questionnaire will be completely confidential. 
I. When did vou develop polio? 
(a) Approximate date: (month) (year) 19 
(b) What was vour age at the onset of polio? years old. 
When was your maximum recovery from polio? 
(a) Approximate date: (month) (year) 19 
(b) Approximate age years old. 
(c) How long after onset of polio? 
3. How much do you remember about the time when you developed polio? 
Do you remember: 
ALMOST EVERYTHING 1 ] 
SOME THINGS BUT NOT EVERYTHING 1] 
VERY LITTLE [ ] 
NOTHING [ ] 
4. Has anyone told you since what happened when vou developed polio? 
NO [] 
YES [] 
If yes, who told you most about this time in your life? 
5. Did you have to spend any fime in hospital when you developed polio? 
NO [] 
YES [] 
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6. How long did you stav in hospital? 
DAYS MONTHS YEARS 
(If you were in several hospitals or in a hospital and a convalescent home 
please state the time from when vou were first hospitalised until you returned 
home.) 
7. During the acute phase in vour illness with polio, did you have any respiratory 
paralv sis? 
NO(ifNOgoto8) [] 
YES [] 
If ves, did vou require anv form of respiratorv support (ie. an iron lung, 
rocking bed?) 
NO [] 
YES [ ] 
8. How would vou describe your present state of health? Is it:-
EXCELLENT 1 ] 
GOOD [ ] 
FAIR 1 ] 
POOR [] 
9. If you compared your health w ith the health of other people of v our age. 
would you say: (Check one only) 
BETTER THAN AVERAGE [ ] 
AVERAGE [] 
WORSE THAN AVERAGE [ ] 
10. At the present time, are any parts of your body w eak, paralysed or atrophied 
(decreased in size) because of the effects of polio? 
NO (Please skip 11 and go onto 12 ) [ ] 
YES (Please continue on to 11) [ ] 
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11. Which parts of vour bodv are affected bv polio? Please check "Not affected" 
if the part was not affected during vour original illness, or " Affected Initiallv" 
if the part was affected bv the original polio infection. In addition, check " 
Recent Change"' if the part has shown any change in the level of pain, 
weakness or atrophy in the last 5-10 vears. 
BODY PART 
Head, neck, face 
Left shoulder 
Left arm 
Left hand 
Right shoulder 
Right arm 
Right hand 
Chest 
Back 
Abdomen 
Left buttock 
Left thigh 
Left lower leg 
Left foot 
Right buttock 
Right thigh 
Right lower leg 
Right foot 
N(JI 
A l l I e l M ) 
A l l I C I I I ) 
INi r iALLY 
RICI NI 
C'HANGI 
12. Are you dominantly: 
RIGHT-HANDED 
LEFT-HANDED 
AMBIDEXTROUS 
[] 
[] 
[] 
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3. Do you have a problem with new or increased pain in any of vour muscles'.' 
NO (Please skip 14 and 15 and go to 16) 1] 
YES (Please continue on to 14) [ ] 
If you are now having a problem with new or increased pain in your muscles, 
for about how long have vou been experiencing this problem? 
Less than 1 _v ear 
1 -2 V ears 
3 - 5 V ears 
6 - 1 0 > ears 
1 1 - 1 5 V ears 
More than 15 v ears 
In general, in which type(s) of muscles does your problem of pain occur? 
Muscles that you know were affected by polio 1 ] 
Muscles that you think were not affected by polio [ ] 
Muscles that were and muscles that were not affected bv polio [ ] 
Do you have a problem with new or increased weakness in any of vour 
muscles? 
NO (Please skip 17 and 18 and go on to 19) 1 ] 
YES (Please continue on to 17) 1] 
If you are having a problem with new or increased weakness in any of your 
muscles, for about how long have you been experiencing this problem? 
Less than 1 year 
1 -2 years 
3 - 5 years 
6 - 1 0 years 
1 1 - 1 5 years 
More than 15 years 
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18. In general, in which type(s) of muscles does your problem of weakness occur? 
Muscles that vou know were affected by polio [ ] 
Muscles that vou think were not affected b> polio [ ] 
Muscles that were and muscles that were not affected bv polio 1 ] 
19. Some people who had polio experience symptoms of various kinds years after 
they achieved their maximum recoverv from the effects of the disease. Please 
check "Yes" or "No" whether you are now experiencing each of the following 
symptoms. For each svmptom that >ou mark as "Yes", please indicate about 
how long, in months or years v ou have been noticing the symptoms. 
Muscle tw itching 
Muscle cramps 
Muscle getting smaller 
(atrophv) 
Pain in joints 
Unusual tiredness 
New problem with breathing 
Increased sensitivity to cold 
Increased tendency to fall 
Increase in number or 
severit) of headaches 
Changes in sleep patterns 
Change in way you walk 
Increased difficulty 
swallowing 
Change in tone or loudness or 
quality of voice 
N o [ ] 
N o l ] 
N o [ ] 
No[ ] 
N o [ ] 
N o t ] 
N o [ ] 
N o l ] 
N o [ ] 
N o l ] 
N o [ ] 
N o l ] 
N o t ] 
Yes I 
Yes I 
Yes| 
Yes| 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
] 
] 
] 
] 
] 
] 
;] 
[] 
[] 
[] 
t] 
t] 
t] 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
for about 
20. • c O Have you noticed any significant change in your weight over the last 10 vears? 
NO 
YES 
[] 
n 
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21.Some people who had polio experience changes in their ability to do ordinary 
activities of dailv living, such as getting dressed or climbing stairs etc, years after 
thev achieved their maximum recoverv from the effects of polio. 
For each of the activities listed below please indicate your ability to do the activity:-
(A) during initial illness; (B) during peak recoverv; (C) currently. 
Please choose from the following responses and insert your answer inside each t]. 
Key: 1 
-) 
3 
independent 
Need supervision 
Need light assistance 
Please place an * beside the number if >ou use anv type 
4 
5 
of 
Need maximutn assistance 
Impossible 
assistive device to complete the task 
B 
Getting dressed 
Getting in or out of bed 
Feeding yourself 
Taking a bath or shower 
Using the toilet 
Walking on level surfaces 
Climbing stairs 
Driving a car 
Using public transport 
Light household tasks (eg food preparation) 
Heavy household tasks (eg vacuuming) 
22. Do you have or have you had any problem with bowel function: 
(A)During initial illness NO t ] YES t ] Details: 
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(B)During peak recoverv N O t l YES t ] Details: 
(C)Currently N O t ] YESt] Details: 
23. Do you have or have you had any problem with bladder function: 
(A)During initial illness N 0 [ ] YES[] Details: 
(B)During peak recovery NO t ] YESt] Details: 
(C)Currently N O t ] YESt] Details: 
24. Do vou have or have vou had anv problem with sexual function: 
(A)Dunng initial illness NO t ] YES t ] Details: 
(B)During peak recoverv NO t ] YES [ ] Details: 
(C)Cun-ently NO f ] YES t ] Details: 
!5. Some people who had polio have needed to use various types of assistive 
devices such as respirators, wheelchairs, braces, callipers and irons, to make up 
for the effects of polio. Please indicate below whether or not you used each of 
the different categories of devices. If you indicate that you are using a 
particular category of dev ice now, also indicate whether your use of the device 
has remained the same as it had been or if it has changed over the years:-
25.1 Respiratory assistive dev ices, such as ventilator or rocking bed:-
Used during period of maximum recovery? YES f ] NO [ ] 
Use now? YES f ] NO t ] 
Lev el or current use? SAME f ] INCREASED t ] DECREASED t ] 
25.2 Ambulatory assistive dev ices, such as walking sticks, crutches, brace, 
callipers or irons:-
Used during period of maximum recovery? Y E S t ] NO f ] 
Use now? YES t ] NO t ] 
Level of current use? SAME t ] INCREASED t ] DECREASED t ] 
Type of assistive device: ^___^__ 
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25.3 Wheelchair (please circle manual or powered):-
Used during period of maximum recoverv? NO t ] YES [ ] manual/powered 
Use now ? NO [] Yl'S f ] manual/powered 
Level or current use? SAME t ] INCREASED [ ] DfCREASED [ ] 
26. Do vou have anv of the following chronic health problems? Check "YES" for 
those that do applv to vou and " NO" for those that do not apply. For each 
condition vou mark as "YES", please indicate how old you were when you 
were first told vou have the condition. 
Condition 
Diabetes 
Heart disease 
Blood V essel disease 
Arthritis 
ALS (motor neurone disease) 
Multiple sclerosis 
Muscular dystrophy 
High blood pressure 
Chronic lung disease 
Osteoporosis (brittle bones) 
H(i\v old vvlitn 
this (Jeveliiped 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
N O t ] 
YESt 
YESt 
YESt 
Yi-;s t 
YESt 
YESt 
YESt 
YESt 
YESt 
YESt 
Give details of any of the above conditions that you have: 
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27. Have you ever had a stroke? 
NO t ] YES t ] When 
28. Have vou ever suffered a major physical injurv. such as in an auto accident, a 
fall, or an industrial accident? 
N O t ] YESt] 
If ves, please describe 
29. Hav e v ou ev er had a surgical operation which was intended to correct a 
deformitv or weakness caused by polio? 
NO (Please skip 30 and 31 and go on to 32) t ] 
I DONT KNOW (Please skip 30 and 31 and go on to 32) f ] 
YES (Please go on to 30 and 31) t ] 
30. Have you ev er had bone surgery, such as spinal fusion or straightening, fusion 
of the bones of a joint, or correction of a difference in leg length? 
NO t ] YES t ] 
If yes. please describe 
31. Have you ever had tendon or muscle surgery, in which a strong tendon or 
muscle was transferred to take over the function of a muscle weakened bv 
polio? 
NO t ] YES t ] 
If yes, please describe 
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32. Please use the following space to describe, in your own words, any new 
symptoms or problems you mav be having now, that you feel are related to 
vour polio and that you feel have not been considered in this questionnaire. 
If vou consider that vou have post polio symptoms, go to 33, if not, skip to 40. 
33. What were the first post polio symptoms that you were aware of? 
What vear was that? 
34. Have you had to make any changes regarding your employment because of post-
polio symptoms? (eg. reduce hours of work?) 
NO t] 
NOT APPLICABLE as not employed t ] 
YES t ] 
35. Have you had to make any changes regarding your life style (eg. house care 
activifies. recreafion, social activities), as a result of post-polio symptoms? 
NO t ] YES t ] 
If yes. specify changes 
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36. Please indicate which of the following health practitioners you have consulted or 
had treatment from regarding polio related symptoms:-
A = During initial illness 
B = During peak recov cry 
C = Currentlv 
General Practitioner 
Orthopaedic Specialists 
Specialist Physician 
Chiropractor 
Physiotherapist 
Occupational Therapist 
Psychologist' Psychiatrist 
Naturopath 
Podiatrist 
Acupuncturist 
Orthotist 
Bootmaker 
A B 
[] 
[] 
t] 
t] 
[] 
t] 
[] 
[] 
[] 
t] 
t] 
t] 
C 
[] 
[] 
t] 
[] 
f] 
t] 
[] 
[] 
t] 
t] 
[] 
n 
Other ( Please specify) A 
B 
C 
37. Has any treatment (s) helped relieve your symptoms? 
NO t ] YES t ] 
If yes. what was this treatment? 
Who suggested this treatment? 
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38. Have anv changes in vour life style helped relieve your symptoms? 
NO t ] YES t ] 
If yes, list these changes? 
What caused vou to adopt these changes? 
39. Have vou had anv treatment(s) for vour svmptoms that you feel has been useless 
or made your symptoms worse? 
N O t ] YESt] 
If ves. specifv 
40. We would like to conclude by asking some questions about your background: 
MALE t ] 
FEMALE t ] 
41. Birth date: Dav Month Year 
42. What is your current marital status? 
MARRIED / PERMANENT RELATIONSHIP t ] 
SINGLE 
SEPARATED 
DIVORCED 
WIDOWED 
If married / permanent relationship, for how long? 
If separated / divorced/ widowed, for how long? 
43. How many children do you have? 
t] 
[] 
[] 
t] 
V ears 
years 
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44. Please add anv details regarding your health, polio illness and this survey 
including anv other comments that you would like to pass on to us. 
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Appendix 3 Criteria for assessing priority for a clinic 
appointment. 
Priority 
Category 
Verv high 
High 
Low 
Unknown 
Definition 
Presence of several new symptoms which may be attributable to the 
late elTects of poliomyelitis 
and 
liv idence of significant recent deterioration in ability to perform 
activ ities of dailv living 
and 
Definite impact of new symptoms on lifestyle and employment (if 
applicable) 
and 
Evidence that no appropriate medical intervention has been 
obtained and appropriate practices, such as energy conserv ation and 
work simplification, have been introduced 
Presence of several new symptoms which may be attributable to the 
late effects of poliomyelitis 
and 
Evidence of some recent deteriorafion in ability to perform 
activities of daily living 
or 
Definite impact of new symptoms on lifestyle and employment (if 
applicable) 
Some medical intervention has been obtained and/or some 
appropriate practices, such as energy conservation and work 
simplification, have been introduced already 
New symptoms, which may be attributable to the late effects of 
poliomyelitis, mav or may not be present 
and 
No significant recent deterioration in ability to perform activities of 
daily living 
and 
New symptoms are not having a major impact on the person's 
lifestyle and employment (if applicable) 
Questionnaire not returned 
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Appendix 4 Information letter regarding the Post Polio Clinic. 
Thank-you for vour recent enquiry regarding the Post-Polio Clinic at the Queen 
Elizabeth II Jubilee Hospital. At present the clinic is being run, on a trial basis, one 
afternoon each fortnight. The clinic provides specialist medical, physiotherapy and 
occupational therapy assessment of people who have health problems related to a past 
historv of poliomyelitis. 
We are interested in determining the range of problems that people who have had polio 
are now facing. Please find enclosed a questionnaire that will ask you about the 
problems that vou are experiencing. Your responses to the questionnaire will remain 
strictly confidential. Please post your completed questionnaire back to us in the 
envelope provided and include a referral from your General Practitioner to the Post 
Polio Clinic. 
Upon receiving v our completed questionnaire and referral we will notify you regarding 
the availability of an appointment at the clinic. 
If you have anv questions regarding the clinic or the questionnaire please phone me on 
3275 6422. 
Yours sincerely. 
<fyif(yCncA_ 
Mary Lynch 
Post Polio Clinic Coordinator 
Queen Elizabeth II Jubilee Hospital 
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Appendix 5 Information letter regarding the present research. 
You are inv ited to participate in a research project entitled "The Late Effects of 
Poliomyelitis in Queensland". 
You are currentlv on the waiting list to attend the Post Polio Clinic at the Queen 
Elizabeth II Jubilee Hospital. As you know, we are currently waiting to be advised if the 
clinic will receive ongoing funding. 
I hav e been employ ed as the Clinic Co-ordinator and Physiotherapist. I am also 
conducting research into the Late Effects of Poliomyelitis. I am focusing on people, like 
yourselL who are currently liv ing in Queensland and who have had poliomyelitis in the 
past. I am trying to find out if you are experiencing any new problems, which may be 
related to polio and if so. how these problems are affecting your ability to manage 
various daily activ ities. Mv study will also look at factors that may be associated with 
the development of post polio problems. 
The findings will assist health professionals who are attempting to diagnose and treat 
people with problems related to a past history of poliomyelitis. The results of the study 
will also guide the development of our specialist Post Polio Clinic at the QEII Jubilee 
Hospital. 
To be involved with the study you will need to complete the attached questionnaire 
and consent form and return them in the envelope provided. 
The information received from you will be treated with the utmost confidentiality and 
any reports resulting from this study will present the information in a way that will not 
identify you. Taking part in the project is voluntary and you are tVee to withdraw at any 
time. If you do not wish your responses to the questionnaire to be included in this 
research study your priority for receiving an appointment at the clinic will not be 
affected in any way. 
If you have anv questions about this research please do not hesitate to contact me on 
3892 6724. 
Thank you for you co-operation. 
Yours sincerely. 
O^o£^nc/^ 
Mary Lynch 
Post Polio Clinic Co-ordinator 
Queen Elizabeth II Jubilee Hospital 
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Appendix 6 Consent form. 
Department: 
Investigator: 
Super\isor: 
Title of Studv: 
CONSENT FORM 
Department of Physiotherapy, Universitv of Queensland 
Mary Lynch, Senior Physiotherapist QEII Jubilee Hospital 
Nancy Lcnv Choy, Lecturer, Department of Physiotherapy, 
LIniversitv of Queensland 
The Late EtTects of Poliomyelitis in Queensland 
The study aims to find out if people with a past history of poliomyelitis are experiencing 
new problems and if so. how these problems are affecting their ability to manage their 
various daily activ ities. The study will also look at factors that mav be associated with 
the development of post polio problems. 
To be involved with this study you will need to complete and return the attached 
questionnaire and this consent form. 
There may be no benefit to you from participation in this study. 
If you choose not to participate in this study, or choose later to withdraw from the study, 
your clinical management or relationship with the staff will not be affected in any way. 
I 
of 
consent to participate in the study entitled "The Late Effects of Poliomyelitis in 
Queensland". 
I understand the details of the studv which have been explained to me and that I am able 
to withdraw from the study at any time without giv ing any reason for doing so. I realise 
that the confidentiality normally applied to medical records will be adhered to. 
You are free to discuss your participation in this study with the inv estigator at any time. 
Mary Lynch can be contacted on 3892 6724. 
Signed (subject) 
Signed (witness) 
Signed (investigator) 
date. 
date. 
date. 
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Appendix 7 Ethical approval statement: University of 
Queensland Medical Research Ethics Committee. 
Institutional Approval Form For Experiments On 
Humans Including Behavioural Research 
Chief Investigator: 
Project Title: 
Mary Lynch 
The Late Effects Of Poliomyelitis In Queensland 
Supervisors: 
Department(s): 
Nancy Low Choy 
Physiotherapy 
Project Number: 
Granting .4gency/Degree: 
Duration: 
Comments: 
H/66/Physio/99/M 
Master of Physiotherapy 
12 months 
Holds Queen Elizabeth 11 Jubilee Hospital clearance dated 17106199 ref. 67/99 
Name of responsible Committee:-
Medical Research Ethics Committee 
This project complies with the prov isions contained in the Council's document 'Statement on 
Human Experimentation and Supplementary AV;/c'.s'c//?c/complies with the regulations 
governing experimentation on humans. 
Name of Ethics Committee representative:-
Professor E. Triggs 
Chairperson 
Medical Research Ethics Committee 
Date 5/7/99 Signature 
RECEIVED 
OFFICE OF RESEARCH 
AND POSTGRADUATE STUDIES 
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Appendix 8 Ethical approval statement: Princess Alexandra 
Hospital Research Ethics Committee. 
OVEENSLAND HEALTH PRINCESS ALEXANDRA HOSPITAL 
and DISTRICT HEALTH SER VICE 
PRINCESS ALEXANDRA HOSPITAL 
Ipswich Road 
W oolloongabba 
Brisbane Old Australia 4102 
Telephone (07) 3240 2111 
Facsimile (07) 3240 5577 
ENQUIRIES Dr K Fertiuson 
PHONE 3240 5856 
FAX 3240 2420 
OUR REF KF 
YOUR REF 17 June 1999 
Ms IVl L\ nch 
Masters Student 
Senior Physiotherapist 
OEII JUBILEE HOSPITAL 
Dear Ms Lv nch 
re Research Protocol: 67199 
"The Late Effects of Poliomyelitis in Queensland" 
At the meeting of the Princess Alexandra Hospital Research Ethics Committee held on I June 1999, the 
Committee approved the above protocol. This Committee is constituted and operates in accordance with 
current NHMRC Guidelines. 
If an\ substantial change is made to the protocol, this will need to be approved b\ the Committee. 
Submission of an amendment or extension to the protocol must give sufficient time and detail for formal 
consideration. The Committee must also be informed of anv problems that arise during the course of the 
proiect which ma\ have ethical implications. Serious adverse events must be notified to the Committee 
as soon as possible. If the study has not commenced within two years approval will lapse. 
A NHMRC requirement is that all projects be reviewed annually. Accordingly, a short questionnaire will 
be sent to you everv 12 months after initial approval and vour assistance in completing and returning this 
promptly would be appreciated. 
When the study involves patient contact, it is your responsibilitv as the principal investigator to notify the 
relevant consultant and request their approval. 
A copy of this letter should be presented when required as official confirmation of the approval of the 
PAH Research Ethics Committee. 
This letter with a copy of the protocol (if not already submitted) must be given to the District Manager of 
OEII Hospital and District Health Service for approval before the study can begin there. 
Yours sincerely 
Dr J D Dickey 
Chairman 
PAH Research Ethics Committee 
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Appendix 9a Duration of post-polio symptoms: (a) Muscle 
twitching; (b) Muscle cramps; (c) Muscle atrophy; 
(d) Joint pain. 
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Appendix 9b Duration of post-polio symptoms: (e) Unusual 
tiredness; (f) Breathing problems; (g) Cold 
sensitivity; (h) Headaches. 
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Appendix 9c Duration of post-polio symptoms: (i) Sleep changes; 
(j) Walking changes; (k) Increased falls; (1) 
Swallowing difficulty; (m) Voice changes. 
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Appendix 10 Queensland Polio Support Group Network -
Membership Figures by Region. Figures obtained 
from Penny Beeston, Paraplegic and Quadriplegic 
Association of Queensland Inc. 
Region Number of members 
Brisbane 277 
Gold Coast 85 
Ipswieh 44 
Toowoomba 55 
Pine Ri\ers 33 
Sunshine Coast 73 
Sunshine Coast to Gladstone 39 
Roekhampton 45 
Macka\ 5 
To\\ns\ ille 11 
Mt Isa 2 
Cairns and Far North 29 
TOTAL 701 

